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^® HIV protease inhibitors useful for the treatment of aids. 

Compounds of the form 
^A-G-B-B-J 

^wherein A is an amine protecting group commonly employed in peptide synthesis, Q a dipeptide isostere, B an 
©amino add or analog thereof, and J a smafl terminal group are descriljed. These compounds are useful in the 

inhibition of HIV protease, the prevention or treatment of infection by HIV and the treatment of AIDS, either as 
(jjuj compounds, pharmaceuticaily acceptable salts, phamiaceutical composition ingredients, wtiether or not in 

combination with other anth/irals. immunonrwdulators, antibiotics or vaccines. Methods of treating AIDS and 

methods of preventing or treating infection by HIV are aiso described. 
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HIV PROTEASE INHIBITORS USEFUL FOR THE TREATMENT OF AIDS 



The present invention is conceijned with compounds which inhit»t the protease encoded by human 
immunodeficiency virus (HIV) or pharmaceutically acceptable salts thereof and are of value In the 
prevention of Infection by HIV, the treatment of Infection by HIV and the treatment of the resulting acquired 
immune deficiency syndrome (AIDS). It also relates to pharmaceutical compositions containing the com- 
5 pounds and to a method of use of the present compounds and other agents for the treatment of AIDS & 
viral infection by HiV. 

BACKGROUND OF THE INVENTION 

70 

A retrovirus designated human immunodeficiency virus (HIV) is the etiological agent of the complex 
disease that includes progressive destruction of the immune system (acquired immune deficiency syn- 
drome: AIDS) and degeneration of the central and peripheral nervous system. This virus was previously 
known as LAV. HTLV-III. or ARV. A common feature of retrovirus replication is the extensive post- 
75 translatlonal processing of precursor polyproteins by a virally encoded protease to generate mature viral 
proteins required for virus assembly and function. Interruption of this processing appears to prevent the 
production of normally infectious virus. For example, Crawford. S. et al., J. ViroL, 53, 899. 1985, 
demonstrated that genetic deletion mutations of the protease in murine leukemia virus which prevent 
processing of precursor structural proteins results in non-infectious viral partides. Unprocessed structural 
20 proteins also have been observed in clones of non-infectious HIV strains isolated from human patients. 
These results suggest that inhibition of the HIV protease represents a viable method for ttie treatment of 
AIDS and the prevention or treatment of infection by HIV. 

Nucleotide sequencing of HIV shows tiie presence of a pol gene in one open reading frame [Ratner, L 
et al.. Nature, 313. 277(1985)1- Amino add sequence homology provides evidence that the ^ sequence 
25 encodes reverse transcriptase, an endonuclease and an HIV protease (Toh, K et al.. EMBO J. 4. 1267 
(1985); Power. M.D. et al., Sdence, 1567 (1986); Pearl. LH. et al., Nature 3^. 351 (1987)]. Applicants 
demonstrate that the compounds of tiiis invention are inhitwtors of HIV protease. 



30 BRIEF DESCRIPTION OF THE IfWENTION 

Compounds of fomiula I. as herein defined, are disclosed. These cc^pounds are useful in tfie inhibition 
of HIV protease, the prevention of infection by HIV. the treatment of infection by HIV and in the treatment of 
AIDS, either as compounds, phannaceutically acceptable salts, pharmaceutical composition ingredients, 
35 whether or not in combination with other antivirais. ImmunonrKxlulators, antibiotics or vacdnes. Methods of 
treating AIDS, methods of preventing infection by HIV. and methods of treating infection by HIV are also 
disclosed. 
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ABBREVIATIPyS 



Ala ' or L-alanine 

Allo-He allo-isoleucine 

Arg D- or L-arginine 

Cal (Cha) fl-cycloheacylalanine 

Cyg D- or L-cysteine 

Gly glycine 

His D- or L-histidine 

He L-isoleucine 
Leu or L-leucine 

Lvs ^- or L-lysine 
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fjg^ D- or L-methionine 

IJl^ ^ L-norleucine 

I^va L-norvaline 

' D- or L-ornithine 

Ph phenyl 

Phe D- or L-phenylalanine 

p^Q D- or L-proline 

S-^^ sarcosine (N-methylglycine) 



Ser 



or L-serine 



St:a statine. (3S » *S)-4.alnino-3- 

hydroxy-6-methylheptanoic 
acid 

D- or L-threonine 
7^p D- or L- tryptophan 

Xyr D- or L-tyrosine 

Val L-valine 

BOC (Boc> t-butyloxycarbonyl 
BOM benzyl osyoethyl 

CBZ (Cb2) benzyloxycarbonyKcarbo- 

bensosy) 

DMP 2 . 4-dinitrophenyl 

IjjQC i sonicot inoy losycar bony 1 

IPOC a isopropoxycarbonyl 

OMe methyl ether (methoxy), 

• except when it immediately 
follows an amino acid residue 
abbreviation and it 
represents methyl ester. 
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OEt 



ethoxy, except when it 
inuaediately follows an amino 
acid residue abbreviation and 
it represents ethyl ester 



10 



15 



20 



25 



HBT(HOBT) 
OMs 



DCCI (DCC) 
DPPA 



(B0C)20 
DEAD 
TEA 
TFA 



l-hydro^bensotriazole hydrate 
methane sulfonylosy 

Condensing Agent 
dicyclohexylcarbodiifflide 

diphenylphosphorylazide 

Re as gat 

di-£.-butyl dicarbonate 

diethyl azodicarboxylate 

triethylaaine 

trif luo-roacetic acid 



30 



35 



40 



45 



BOP reagent 



BOP-Cl 

DSO 

EDC 



50 



WCPBA 
TBDMS 



benzotriasol-l-ylosy^ris- 
(d imethyl-amino ) phos- 
phoniuffi hesaf luoro- 
phosphate 

bis(2-oso-3-osagolidinyl) 
phosphinic chloride 
N,W-disuccinimidyl 
oxalate 

l-€thyl-3-(3^diniethyl- 
aminopropyl) carbodiimide 
hydrochloride 
a-Chloroperbensoic acid 
t-Butyl-disethylsilyl 



55 DETAILED DESCRIPTION OF THE INVE?^ON AND PREFERRED EMBODIMENTS 

This invention is conceded with the use of compounds of fomiula I. combinations thereof, or 
pharmaceutically acceptable salts thereof, in the inhibition of HIV protease, the prevention or treatment of 
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infection by HIV and in the treatment of the resulting acquired immune deficiency syndrome (AIDS). 
Compounds of formula I are defined as follows: 
A-G-B-B-J I, 
wherein A is: 

s 1)lrityl. * Hp 

2) hydrogen; 
3) 

o 
II 

R'- C - wherein is 
70 a) hydrogen. 

b) alkyl. substituted with one or more halogens adiacent to the cartxjnyl carbon where halogen 
is F. CI, Br. and I; 

4) phthaloyi wherein the aromatic ring is unsubstituted or substituted with one or more of 
15 a) Ci^ alkyi. 

b) haio. 

c) hydroxy, 

d) nitro. 

e) Ci,3 alkoxy. 

20 f) Ci^ alkoxycarbonyl, 

g) cyano. 
h) 

O 
II 

- C-NR2 wherein R is H or C,u alkyl; 



25 



30 



5) 



r3 0 

R^-C-O-C- 



wherein R?,R^, and R* are independently 

b) alkyl unsubstituted or substituted with one or more of 

i) haio. 

ii) alkyl SOz-. 
iu) aryl S02-,. ^ 

c) Aryi unsubstituted or substituted with one or more of 

i) Ci^ alkyl, 

ii) C|^ alkoxy. 
ill) halo, 

iv) nrtro, 
^ v) acetoxy. 

vi) dimethytaminocart)onyl, 

vii) phenyl, 

viit) Ci.3 afkoxycart>onyl 

d) fluorenyl, 

50 fl?, R^. and R* may be independently joined to fonm a monocydrc, bicyclic, or tricyclic ring 

system which is C3.,o cydoalkyi and may be substituted with Ci^ alkyl, 

f) a 5-7 nr>emt)ered heterocycle such as pyridyl, furyl, or benzisoxazolyl; 

6) 
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0 



10 



IS 



wherein and are 

a) C,^ alkyi, 

b) aryl, 

c) R^ and R^ are joined to form a 5-7 membered heterocycle; 



o 

R'-SOiNH- C - wherein R' is aryl unsubstituted or substituted with one or more of 

a) aikyl. 

b) halo. 

c) nitro. 

d) Ci.3 alkoxy; 



20 



8) 



<0)ni 



1 




2S 



30 



wherein m is 0-2 arxJ R* is 

a) R^ as defined above. 

b) trityi; 



9) 

X 
D 



(R'h p - wherein X is O. S or NH, and R' is defined above; 



3S 



Gis 



H 
I 



z 

II 



H r'* o 



40 



or 



wherein Z is O, S, or HH and 
^ R® is independently 
1) hydrogen. 
2) 



\ 



UO 



so 



55 



-i-c- 



t 



3) -OR, wherein R Is H, or alkyl 

4) -NR2. 



7 



EP 0 337 714 A2 

5) Ci^alkylene -R'\ 
wherein n is 0-5 and R*° is independently 
a) hydrogen. 
. b) hydroxy, or 
s c) Ci-talkyI; 

is 

a) hydrogen. 

b) aryl. unsubstituted or substituted with one or more of i) halo, 
ii) hydroxy. 

10 iii) -NH2, -NO2. -NHR, or -NR2, wherein R is H, or alkyl. 
iv) Ci^ alkyl. 
V) C,.3 alkoxy. 
vi) -COOR 

vii) 

- C NRa. 

viii) -CH2NR2, 
ix) 

O 
II 

20 -CH2NHC R, 
X) -CN, 

xi) -CF3. 
xii) 

O 
II 

25 -NH c a 

xiii) aryl Ci.3aikoxy or aryl O^u alkyl. 

xivj aryl, 

XV) -NRSCha 

xvi) -0P(0)(0Rx)2 wherein R^ is H or aryl, or 

30 xvii) 
.0 
-II 

-O C -Ci-4alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycle including up to 3 heteroatoms selected from N. 0, and S. such as 
imidazolyl, thiazotyl, piperidlnyl, furanyl. oxazolyl, thiadiazotyl. piperazinyl. pyridyl. or pyrazinyl. any of which 

35 heterocycle may be unsubstituted or substituted with one or more of 

i) hato, 

ii) hydroxy. 

iii) -NH2, -NHR, -NRa; 

iv) C,-< alkyl, 
40 V) alkoxy. 

vi) -COOR. 
vii) 
O 

-CNRs. 
45 viii) -CHaNRa, 

ix) * 
O 

II 

-NH CR. 
X) -CN, 
50 xi) CF3, 

xii) -NHSO2R, 

xiii) -OP(O)(0Rk)2 wherein is H or aryl. or 
xiv) 

O 
U 

55 -O- C -Ci-«alkyl suljstituted with one or nrwre of amine or quaternary amine; 

d) 0^s alkyl or Ci^ alkenyl unsut^stituted or substituted with one or more of 

i) hydroxy, 

ii) alkyt. 
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iii) -NHz. -i 



NHR. -NRz. 




•NH-CH 
V) 



-NH-C- 
vi) -COOH. 
vii) 



NH2. 




10 



IS 



20 



25 



30 



35 



40 



45 



50 



viii) -SR, or aryl ttiio, 

ix) -SO2NHR: 

X) Ci^ alkyi sulfonyl amino or ar/l sulfonyl amino, 

xi) -CONHR, 

xit) 

O 
II 

-NH ca 

xiii) -OR. 

xlv) aryl Ct^ alkoxy, or. 
xv) aryl; 

e) C3.7 cydoalkyi unsubstrtuted or substituted with one or more of i) hydroxy. 

ii) alkyt. 

iii) -NHa. -NHR. -NHR2, 



vui) -SR, 

ix) -S02NH2. 

x) alkyI sulfonylamino or aryl sutfonylamino, 
XI*) -CONHR. or 

xil) § R: 

f) a 5- to 7-membefed carbocyciic or 7- to 10-membered bicycOc carbocycJk: ring whfch is either 
saturated or unsaturated, such as cyclopentane. cyciohexane, indan. nortxsmane. or naphthalene, the 
cartxxryclic ring t>eing unsubstituted or sut^stituted with one or more of 
0 halo. 

ii) -OR, wherein R is H or Ci^ aikyl. 
Hi) 

O 
II 

- COR, 

iv) 
O 
II 

- CNR2. 

v) -CH2NR2, 

vi) -SO2NR2; -S(0)yR and y = 0. 1 or 2; 

vii) -NR2. 
viil) 

O 
B 

-NH ca 

ix) alkyI, 

x) phenyl. 
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xi) -CF3, or 
xii) 

R 
I 

• N-SO2R; 

5 g) benzofuryl. indoJyl; azabicjyrclo C7.11 cycloalkyi; or benzopiperidinyl; 

R'2 is -OH or -NHR^^ wherein R'^ is -H, 
O 
rt 

- CH, -Ci.4-alkyi, or -COOR; and 
® is 

w 1) C3.7 cycloalkyi either unsubstituted or substituted with one or more of 

a) Ci-< alkyl. 

b) hydroxy, 

c) -NR2. 

d) -COOR. 
15 e) -CONHR. 

f) -NHSO2R. 

g) 

o 
11 

-NH C R. 
20 h) aryi, 

i) aryl substituted with Ci-4alkyl, 
j) heterocycie, or 

k) heterocycie substituted with Ci^alkyl; 

25 2) phenyl either unsubstituted or substituted with one or more of 

a) hydroxy. 

b) -OR, 

c) -NHR^3, 

d) -COOR. 
30 ^ e) 

II 

-CNR2,or. O 

0-NH CR; 

35 3) 5 to 7-membered heterocycie such as imidazolyl, thiazolyl. furyl, oxazolyl, piperidyl, piperazinyl, 

pyridyl, or pyrazinyl. any of which heterocycie may be unsubstituted or substituted with one or more of 
\) hak). 

ii) hydroxy. 
Hi) NRa. or, 

40 iv) Ciu alkyl; 

Q is 



45 „ ' H 



OH NHR^' j^ia ^ 



'Afherein R^ and R'^ are defined above; 

X is O. S or NH; and 

Wis 

1) 0H. 

2) NH2. 

3) OR. or 
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4) NHR; 
B is. independently, absent, or 

-NH Z; 




r9 



10 



J is 

1) YR'* wherein: 
Y is 0 or NH, and . V- >i 

R-is ' ^ 

IS ^) 

b) Ct-8 afkyl. unsubsfituted or substituted with one or more of 

i) -NR2. 

ii) -OR. 

iii) -NHSOsCi^alkyl. 

2Q iv) -NHSO2 aryl, or -NHS02(dialkylaminoaryI). 
V) -CH3OR. 
vi) -Ci^alkyi. 
vii) 
O 

25 -COR. 
viii) 



O 
u 

• CNR2. 




30 



35 



40 



0' \n 

X) -NHCR. 
xi; -NSO2CH3, 

xii) -NH^^O^Ph, 
0 



xiii) -NR3« Ae wherein Ae is a counterion, 
^ xiv) -NR's R'« wherein R^^ ^ ric ^q^q different and are alkyi joined together directly to 

form a 5-7 membered heterocycle, 
XV) aryl, 

xvi) -CHO, 

xvii) -OP(0)(0Rx)2 wherein R, is H or aryl. or 

-O C -Ci-4alkyl substituted with one or more of amine or quaternary amine; 
c) -(CHsCHzOnCHa or -(CH2CH20)„ H; 

55 2) N(R'*)2: or 

3) -NR'5R»€ wherein R^^ and R'® are defined above; 
4) 
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r17 
14 



wherein: 

Y. R** and n are defined above, and 
10 R'' is 

a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 

i) halo. 

ii) -OR, wherein R is H or C1-4 alky I. 

75 iii) 
O 
11 

- coa 

iv) 

O 
M 

20 -CNR2. 
V) -CH2NR2, 

vi) -S02NR2. 

vii) -NR|. 
viii) 

O 

25 ,1 

-NH CR. 
xi) alkyl. 

x) phenyl 

xi) -CF3. 
30 xii) 

- t -SOaa 

xiii) -Ci^ alkyi -NR2, 

xiv) -0P(0){0Rk)2 wherein Rx is H or aryl, or 

05 XV) 

O 
n 

-O- C -Ci^kyl substituted with one or more of amine or quaternary amine; 

c) Heterocycle as defined below, unsubstituted or substituted with one or more of 

I) halo, 

40 5) -OR, wherein R is H, Ci^alkyl, or Gi^kenyl, 

iii) 
O 

0 

- 0 oa 

iv) 

- CNRj. 
v)-CH2NR2, 

V!) .S02NR2, 

vii) -NR2, 
so viii) 

-NH CR, 

xi) alkyl. 

X) phenyl 

55 xi) -CF3, 

xii) 
R 

- N-SOaR. 
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xiii) phenyl C1-4 alkyl. 

xiv) -0P(0)(0Rx)2 wherein is H or aryl, or 

s -0- C -Ci^aJkyl substituted with one or more of amine or quaternary amine; 

d) A 5 to 7 memtjered^ cartx)cyclic or 7-10 membered bicydic carbocycfic ring which is either 
saturated or unsaturated, such as cydcpentane, cyclohexane. indan, norbornane, or naphlhalane, the 
cartKDcyclic ring being unsubstituted or substituted with one or more of 
i) hak), 

TO ii) -OR, wherein R is H or alkyl, 

% 

n 

- COR. 
iv)-CNR2. 

V) -CH2NR2 

vi) •SO2NR2. 

vii) -NR2, 
v«i) 

-NH OR, 
xi) alkyl. 

x) phenyl 

xi) -CF3. 

25 Xfi) 
R 

- -SO2R. 

xiil) -0P(0)(0Rx)2 wherein R^ is H or aryl. or 
xiv) 

-O- 0 -Ci^alkyl substituted with one or more of amine or quaternary amine; 
or pharmaceuticaliy acceptable salts thereof. 



3S In the compounds of the present invention, the A. 6, B and J components and the like may have 
asymmetric centers and occur as racemates, racemic mixtures and as individual diastereomers, with an 
isomenc forms being induded in the present invention. 

When any variable (e.g. aryl, heterocycte. a R\ R', R^ R*. R', R'**. R". R'^. R'S R'^ R'S R''. A©» 
Z, etc.) occurs more than one time in any constituent or in formula I, its definition on each occunrence is 

40 independent of its definition at every other occuaence. Also, combinations of substituents and/or variables 
are permissftste onty if such combinations result in stable compounds. 

As used herein except where noted, "alkyl" is intended to indude botti branched- and straight-chain 
saturated aliphatic hydrocarbon groups having ttie specified number of carbon atoms (Me is methyl, Et is 
ethyl. Pr is propyl Bu Is butyl); "alkoxy" represents an alkyl group of indicated number of carbon atoms 

4S attached ttirough an oxygen bridge; and "cydoalkyr is Intended to include saturated ring groups, such as 
cydoptxjpyl, cydobutyl, cyckjpentyl, cyctohexyl (Cyh) and cydoheptyl. "Alkenyt" Is intended to indude 
hydrocartjon claims of either a straight or branched configuration arul one or more unsaturated carbon- 
carbon bonds wWch may occur in any stable point akang the chain, such as ethenyl, propenyl, butenyl, 
pentenyl. and tiie like. "Halo", as used herein, means fluoro, chkiro. bromo and iodo; and "counterion" is 

so used to represent a smaiU singte negatively-charged spedes. such as chloride, bromide, hydroxWe, acetate, 
trifluoroacetate, perchtorate, nttrate, t^enzoate, maieale, tartrate, hemitartrate, benzene sulfonate, and the 
like. 

As used herein, witti exceptions as noted, "'aryl" is intended to mean phenyl (Ph) or naphttiyU 
"Cartx3cydic" is irttended to mean any stable 5- to 7-memb8red carbon ring or 7- to 10-membered bkrydic 
55 carbon ring, any off whtoh may be saturated or partially unsaturated. 

The term heterocycte, as used herein except where noted, represents a stable 5- to 7-membered mono- 
or bicydic or stable 7- to lO-membered bkrydic heterocydk; ring whkli is eitiier saturated or unsaturated, 
and which consists of cartxKi atoms and from one to ttiree heteroatoms selected from the group consisting 
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of N. O and S. and wheretn the nitrogen and sulfur heteroatoms may optionally be oxidized, and the 
nitrogen heteroatom may optionally be quatemized. and including any bicyclic group in which any of the 
above-defined heterocyclic rings Is fused to a benzene ring. The heterocyclic ring may be attached at any 
heteroatom or carbon atom which results in. the creation of a stable structure. Example of such heterocyclic 

5 elements include piperidinyl, pipefezinyl, 2-oxopiperazinyI, 2-oxopiperidinyl, 2-oxopyrrolodinyl, 2-ox- 
oazepinyl. azepinyl, pyrrolyf, 4-piperidonyl, pyrrolidinyl. pyrazolyl, pyrazolidinyl. imidazolyl, imidazdinyl. 
imidazolidinyl, pyridyl, pyrazinyl. pyrimidinyl, pyridazinyi, oxazolyl, oxazolidinyl. isoxazolyl. isoxazolidinyl, 
morpholinyl, thiazolyl. thiazolidinyl. Isothiazolyl. quinuclidinyl. isothiazolidinyl. indoiyl. quinolinyi, 
isoquinolinyl, benzimidazolyl, Ihiadiazolyl. benzopyranyi. benzothiazolyi. benzoxazolyl, furyl, tetrahydrofuryl, 

70 letrahydropyranyl, thienyl. benzothienyl. thiamorpholinyl, thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, 
and oxadiazotyl. 

One embodiment of the compounds of the present Invention encompasses those compounds of 
Formula I in which B is independently present twice and Z is O. In this embodiment, it is preferred that J is 
NHs and Q is 



75 



20 



30 



35 



40 



45 



50 



ss 



H ' I X H 

I I 1 

OH W OH 



A second embodiment of the compounds of the present invention consists of those compounds of 
2S Fonmula I in which B is present once and Z is O. In this embodiment, it is preferred that Q is 

r' ■ 



H I X H 

c ^ p ^ c 

i • 1 I 

OH W OH 



A third embodiment of the compounds of the present invention encompasses those compounds of 
Fommjla f in which B is absent In this embodiment it is preferred that Q is 

H I X H 

i I i 

OH W OH 



A fourth embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which Q ts 

OH NH2 R' 

rS O O ' 

A fifth emtsodiment of the compounds fo the present invention encompasses those compounds of 
Formula I in which G Is 
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and B is absent or present once. 

A sixth embodiment of the compounds of the present invention encompasses those compounds of 

70 Formula I in which G is 



OH 



NH2 



-NH 



75 




or -NH' 




B is absent or present once, and 



20 



J is 



25 



-NH !-C-- 

d16 



1 



A seventh embodiment of the compounds of the present invention encompasses those compounds of 
30 Fomtiula I in which 



A is 



35 



r3 
I 

•c-o 



l2— c— o-!- 



0 
II 

c 



40 



OH R 



C is -NH 



45 



,,rA^ or -NHy-^ ; 

b9 Q o' O 



B is absent or present once, and 



so 



J is 



ll7 

-NH \-C- - 



55 



n 



17 



Preferred compounds of the present invention are compounds I, II, III, IV. V. VI. and VII as follows: 
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Compound I : 




N'-(l.l-diaethylethoxycarbonyl)-5(S)-ainino-4(S)- 
hyrdroxy-6-phenyl-2(R)-(phenylaethyl)hexanoyl-leucyl- 

phenylalanylaaide ; 
Compound IX: 




N-Benzyl-N'-(l.l-diiaethylethoxycarbonyl)-5(S">-aiaino-4(S)- 
hyd roxy-6-pheny 1-2 ( R) -( phenylmethyl )hexanoy 1-leucyl-amide 
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Compound III: 



5 



10 




N-ben2vl-N' -( 1 , l-dimethylethoxycarbonyl)-5(S)-amino- 
4(S)-hvdroxy-6.phenyl-2(R)-(phenylmethyl)-hexanoic 

carboxamide . 
Compound IV: 



25 



30 



35 




N»-(l.l-d imethylethorycarbonyl)-5(S)-amino-4(S)- 
hydroxy-6-cycloh€xyl-2(R)-(phenylinethyl)hexanoyl- 

leucyl-phenylalanylamide : 
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Compound V: 




N*-(l. l-<iimethyl€thoxycarbonyl)-5(S)-amino-4(S)- 
hydroxy-b-phenyl-2(R)-(phenylmethyl)hexanoyl-leticyl- 

phenylalanine methyl ester; 
Compound VI : 




N • - ( 1 , 1-d imethyl ethoxycar bonyl )-5 < S )-amino-4 ( S ) 
hydroxy-6--ph€nyl-2(R)-(phenylm€thyl)hexanoyl- 
isoleucylamide : and 



18 



EP 0 337 714 A2 



Compound VII: 




N-(2-<aethanesulfonylafflino)ethyl)-N'-(l,l-<iiaethyl- 
ethoxycarbonyl)-5(S)-afflino-4(S)-hydro3qr-6-phenyl-2(R)- 

(phenylmethyl) hexanoyl-leucylafflida . 

other compounds of the invention include, t»ut are not limited to: N'-(l.1-Dimethylethoxycarbonyl)-5(S)- 
amino-4{S)-hydroxy-6-phenyl-2{R)-<phenylmethyl)hexanoyHeucyl-phenylalanylamide. 
N-Benzyl-NO . 1 -Oimethy tethoxycarbony l)-5(S>-amino-4<SHiydroxy-6-pheny l-2(RHpheny Imethy l)hexanoy I- 

leucyl-amide, 

5(SH{1 .1 -CHmethy lethoxycartx)nyO-aminoH(S)-hydroxy-6i)heny l-2{RHphen^ 
n'-(1 J -Dirnethylethoxycart)onyl)-5(S)-amino-4<S)-hydroxy-6-cydohe 
phenylalanylamide. 

5(SH(1»l-Dimethylethoxycartwnyl)amino]-4{S>-hydroxy"^henyi-2(R)(pheny^ Leu-<4-l-Phe)- 
amide, 

5(SH(PhenylmethyloxycarbonyI)aminoH(S>-hydroxy-6-ph8nyl-2(R)<phenylmeth Leu-Phe-amide. 
5(SH(1 .1 -dimethy lethoxycaftx)nyl)aminoH{S)-hydroxy-2{R)-n-butyl-6-phenylhe Leu-Phe-amide, 
3-<1(S)-Benzyloxycarbonylamino-2-phenylethyl phosphinyl)-2(SJ^Hpheny1methyl)propanoyi-L-Leu-Phe- 
amtde, 

|SH44(BenzyloxycartKWiyOaminoJbuty«l-5(SH(1.1-ciimethylethoxy^^^ 
(R>-<phenylmethyl)hexarH}yl-Leu-amfde. 

(s!'K1.1-Oimethylethoxycartx>nyl)-5(S>-amino-4<SHiydroxy-6-pheny 
phenyiaianine methyl ester. 

5(SH(1 .1 -Oimethytethoxycaft>ony l>-aminoH<S>-hydroxy-6i)heny 1-2(RH2hi^^ Leucine- 
Phenylalanine amide. 

5(SH(1.1-0»methylethoxycart)onyl>^inoH{S>^droxy-2(RHph 
amide. 

5(SH(1 *1 -Oimethylethoxycart)onyl)-aminoH{SHTydroxy-^ 
hydroxy-1(S)-(phenylmethyl)ethyl-Leu amide, 

5(SH{1 .lKfimethyietho)cycartx)nyl>-amirtoH{SHiydroxy-6i)hen^^ amide. 

NKaHMethan8Sutfonytamifto)ethyf)-N'-<l .iKfinriet^ 

(phenylmethyOhexanoyl-teucylamcde, 

5(S(-{{1 ,1-Otmethylethoxycart)onyl)-aminoH<SHiydroxy-6^ amide. 
5(SH(1 ,1-DimethylGthoxycarbonyi>-aminoH(S)-Mroxy-6i>henyl-2(^^ 
hexanoyi-Leu-Phd amide. 

5(SH{1.1-Oimethy!ethoxycartK)nyl>aminoH(SHiydroxy-6iDheny»-2(R>^ 
amide. 

5<SH(1.1-Otmethyl6thoxycarbonyl)-amtnoH<SHiydroxy-6-phenyl-2(RH^ 
Leu-Pha amide. 

5(SH(1.1-OfmethyfethoxycartonylhamirioH<S)-hydroxy-6-phen^ 
5(SH0.1-Oinr>ethytethoxycarbonylhaminoH{SVhydroxy-6i5henyl-2(R)-(phe^ 
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hydroxy-1(S)-phenylethyOLeu amide. 

5<SH(1 .1 -Dimethyiethoxycartx)nyl)-aminol-4<SHiydroxy-6-pheny I-2(RHP*^ 
acetamidoethyQLeu amide, 

5(SH(1.1-Oinriethylethoxyc3rbonyl>-ammo]-4(SHiydroxy-6-phenyi-2(R)-<3'phen 
phenylalanine-amide. ^ 

5(SH(1.1-Diniethylethoxycarbonyl)-aminoH(S)-hydroxy-6-phenyl-2(R)-(phenyi^ 
hydroxyethyl)Leu amide. 

5(SH(1.1-Dimethyiethoxycarbonyl)-aminoH(S)-hydroxy-6-phenyl-2(RHpheny^ 
benzylamide, 

5(SH(1 J -Dimethy lethoxycartxjny l)amino>4{S>-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoy 
amide. 

4(SH(1 J -Oimethy lethoxycarbony l)amino]-3(S)-hydroxy-6-methyiheptanoyl-glutamyl-pheny lalanine amide. 

5(SH<1J-D'niethylethoxycarbonyl)amirv3h4{S)-hydroxy-6-phenyl-2(R)-(phenyl^ 

d(methylaminopropyl)-lle-amtde. 

5(SH(1t1-Oimethylethoxycarbonyl)amlno}-4{S)-hydroxy-6-phenyl-2(R)-(4 -phenyl-phenyimethyl)-leudne- 
phenylalanine amide. 

5(SH(1 .l-Dimethylethoxycartx>nyl)aminoh4{S>-hydroxy-6-phenyi-2(R)-{pheny Ime^ valine amide, 

5(SH(1-l-Dlmethylethoxycartx5nyl)aminoH(S)-hydroxy-6-phenyl-2(R)-(phenyl^ 

benzyl ester, 

5(SH(1.1-Oinr^etiiylethoxycarbonyl)aminoH{S>-hydroxy-6-phenyl-2(R)-(4 -phenyl-phenylmethyl)-isoleucine- 
N-beruryl amide. 

5{SH(1.1-Diniethylethoxycarbonyl)aminoH{S)-hydroxy-6-{2-naphthyl>-2(R>-(ph 
amide. 

5{SH(1.1-DimethylethoxycartXMiyl)aminoH(S)-hydroxy-2(R).6-diphenyIhe^ amide, 
5(SH(1 .1 -OiniethylethoxycartDonyi)aminoH(S)-hydroxy'^phenyl-2(R)-0^ 
dimethylamino ethyi)-!le amide, 

5(SH(1 »1 -Dimethylethoxycarbonyl)aminoH{S>-hydroxy-6-phenyl-2(R>-^ 
pyridylmethyOlle amide, 

5(SH(1.1-Oimethylethoxycarbonyl)amino}-4(SHiydroxy-^^2-<i£^^ 
benzylamide, 

5(SH(1.1-Dime%lethoxycarbony()aminol4{S)-hydroxy'6-phenyl-2(R)-{phenylm 
amide, 

N^Methyl-5-amino-5Kleoxy-2,3,0-isc)propy lidene-^-0-ribosyO-5{SHl ,1 -dimethyiethoxycarbonylam!no)-4(S)- 
hydroxy-6-phenyt-2(R)(pheny!methyl)-hexanoy1 He amide, 
5{SH(1-1-Dime%lethoxycartx3nyOaminoH<SHiydroxy-6-phenyl-2(R)^ 
neopsntytglydne amide, 

l^2(S,R>-Hydroxy-1 {R.S>-indanyl>-5(SH1 »1 -dimethy iethoxycarbonylaminoH{S)-hydroxy-6-pheny l-2{R>- 
phenylmethylhexanamtde, 

5{SH1 .1 "^methy lettio«ycarbonylamino)-4<SHiydroxy'6-pheny l-2(RH3 -pheny Ipropy l)hexanoyHeucine- 
phenyialanine amide, 

5(SH1.1-Oimethyiethoxycarbonylamino)-4(S)-hydroxy-6-phenyl-2(RHphenylmet^^ 
dimethylamino propyl)-Val amide, 

N-<Methyl-5-amino-5-deoxy-tf-0-dbosyl)-5(SH1 .1 -dimothylethoxycarbonylaminoH{S>-hydroxy-6-pheny h2- 
(RHphenylmethyQhexanoyHle amide, 

5(SK(1.1-OimethytethOKycartx«yl)aminoH(S)-hydroxy-6i5hen^^^ 
butytglydne-tenzytamide, 

5(SH(1 .1 -Oime%l0tttoxycaii3onyl)aminoH{SHiydroxy-6-t^ 
dSiydroxy-propylHlo amide, 

5(SH{1 .1 -Dimethy lethoxycartK)nyf)aminoH(SHiydroxy'^honyJ-2(R^ 
cydohexylgtydne-amide, 

S(SK(1 .1 -Dimethy lethoxycarbonyOamiTOH(S)-hydroxy-^^ 
(3;^imethyt amino propyl) valine amide. 

n'-<1 ,l-Dime%iethoxycarbonyi>-5(S)-amino-4<SHiyclroxy-^ '-yl) 
hexanoyHS>-phenylgiycyK2-hydroxyethyl)amlde, 
S(SH1.^-OimemylethoxycarbonylaminoH{S)-hydroxy-^^ 
(phenyimethyl>-valine amide. 

N-(cis-2(S,R)Hydroxy-1 (R.SHndanyl>-5(SHl ^ •<flmethylethoxycarbonylaminoH{S)-hydroxy-6-(4- 
ben2yloxyphenylmethyl>-2(RHphenylmethyl)hexanamide. 
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5{S)-<1 . 1 -Oimethylemoxycarbony larninoH{S)-hydroxy-^-pheny l-2(RHpheny Imethy l)-hexanoyl-^ 
fimida20l-4-y l>- 1 -{hydroKymettiy l)-propy Ihlte-amide . 

4(SK{1.1-f^f"ethylethoxycarbonyl)amirK)h3(S>-hydroxy-5<yclohexylpentano^ 
smido, 

5{SH{1 .1 -Oimethylethoxycarbonyf)aininoH(S)-hydroxy-6-phenyl-2(RH3Vh€nylprop-2'-en-^ '-y») hexanoyi - 
(S)-phenylglycine amide, ^ 

5{SK(1J-Dimethylemoxycartonyl)aniinoH{S>-hydroxy-6-phenyl-2(RH4-nitrophe 
amide. 

5(SH^1-DifT)6thylemoxycartX3nylaminoH{S)-hydroxy-6-phenyl-2(R)-(phenylm 
amide, 

N-(2(S or R)-hydroxy-1.2,3,4-tetrahydro-l(R or Shnaphthyl)-5(SH1.1-<itnnethylethoxycarbonyiamino>r4(S)- 
hydroxy-€-phenyl-2(R>-phenylmethyl hexanamide. 

N-(2{R or S)-hydroxy-1^,3«4-tetrahydro-1(S or R)-naphthyl)-5(SH1.1-dimethylethoxycafbonylaminoH(S)- 
hydroxy-6-phenyJ-2(R>-phenylmethyl hexanamide, 

N-<ds-2(S,R)-Hydroxy-1 (aS)-indanyl)-6{SH1 .1 -dimethy lethoxycartDonyIamino)-4(S)-hydroxy-6-<4- 
hydroxyphenyl)-2(R)-phenylmethylhexanamid0. 

5(SH1J-OimethylethoxycarboriyOamino-4(S)-hydroxy-6-phenyl-2(RHphenylmethyl^ 
hydroxypropyl)-Val-amide. 

N^ds-2(R>-Hydroxy-1 (SHrtdanyl)-5(SH1 .1 -dimethyiethoxycarbonylaminoH<S>-hydroxy-6-pheny|.2(R). 
phenylmelhyl-hexanamide. 

5(SH1 .1 -Dimethy lethoxycarbonylamino)-4{S)-hydroxy-3(S or R)-hydroxy-6-pheny l-2(R)-pheny Imethy I- 
hexanoyl-Leu-Phe-amide, , 

5(SH1 .1 -0imethylethoxycartxinyiamino)-4<S)-hydroxy-6-pheny I-2{RH3 -pheny lprop-2-en-1 .yf)-hexanoyl-N- 
{2(R,S).3-dihydroxypropyl)pheny!glycine amide/ 

5(ShK1,1-OimethylethoxycartX)riyl)amlnoH{S)-hydroxy-6i3henyl-2(R)-(phenylmethyl)hex 
benzimidazolyt methyl)ile amide 

5{SH1.1-Dimethytethoxycartx>nylaminoH<S>-hydroxy-6-phenyl-2(RHpheriylmethyl) 
lie amide* 

N-{M0thyl-5-amino-5-deoxy-/3-D-ribosyl>-5(SHl > 1 -dimethylethoxycarbony lamino>-4(S)-hydroxy-6-phenyh2- 
(R)-phenylmethylhexanoyl-Val amide, 
^^-(Methyl-5-amino-5KJeoxy-2J,O-isopri^plid0ne-^-O-ribosy()-5^ 
hydroxy-6-phenyl-2(RHphenyimethyi)hexanoyl-Val amide, 
S(SH1 .1 -E>imethytethoxycartx)nyiammoH(SHiydroxy-6i:rfien 

methoxyethoxy)ethylIisoleudno amide. ^ ^ ^ 

5(SH1.1 -Dimethy lethoxycart>onyiamirTOH(SHiydroxy-6^ phenylpropyl>hexanoyl-N-(2 (R,S),3 - 

diliydroxypropyl>-phenylglydne amede, 

(4{SH1.1-Dimethytethoxycarbonylamino)-3<S)-hydroxy-5-phenyl^^ 
amide. 

5(SH(1.1*Dime%telboxycartX)nyl)amirw}H(SHiydroxy-^ 
tmkJazolyl)ethyl] valine amide, 

fNKds-2(R)-Hydrowy-1 (SHndanyf>-5-<SH1 .1 KjimethylettK)xycart)onyiaminoH(S)-hydroxy-€i3henyi-2(RH^ - 
phenyiprop-2 -en-l'-yi)hexaiamide, 

N-{1(R Of S). 2(S or R)-Dihydroxy-3-{S or Rhindany(h5{SH1.1 -dimethy [0thoxycartx>nyiaminoH{S)-hydr^^^ 
6-phGnyt-2(RHphenytmethyl)hexanamide. 

N-I2(RhHydroxy-1 (SHndany11-5<SH(1 .1 <iimethy lethoxycart5onyl)aminoH{S>-hydroxy-6-(4-hydroxyphenyl)- 
2(RHphenyimethyl) hexanamide. 

5(SH(1 J-Oimethylethoxycartonyi)amirtoH(SHiydroxy-6i)heriyl-2(R^ valine 
amsde. 

^Hds-2(RH^ydroxy-1(SHndanyl)-5(SH{1.1-<l^^^ethylethoxyc^^ 
iodophenyI)m6thyl)hexanamide, 

5(SH(1.1-OSmethylethoxycart)onyl)aminoH<S)-hydroxy-6i^ 
piperkfinyl)ethyl)valine arrude, 

5(SH(1 .1 -DimethylethO)cycart)onyl)aminoH{S)-hydroxy-6i>henyl-2(^ 
hydroxyethyl)vaiine amide. 

5(SH(1 .1 -Oimethylethoxycarbony Oaminoh2(R)-phenyimethy»-4<S)-hydroxy-^heny 
methoxyethoxy>-ethoxylothyl)isoteudne amide, 
, 5(SH1 .1 -Oim0thylethoxycart)onylaminoh2(RH)heny Imethy M<SHiydroxy-6-phenyl^ 
dimethylaminonaphthylsutfonamido)ethyt]isoleudn8 amide. 
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5(SH1 . 1 -DimethylethO)<ycarbonylaminoH{S>-hydroxy-6-phenyl-2(RHphenylmem^^ 
diethylamino-2(R,S>-hydroxypropyl)vafine amide, 

N-{1(R or S), 2{S or R)-dihydroxy-3-{S or R)-indanyl)-5(SHl.1-<lin>ethylethoxycarbonylaminoH(S)-hydroxy- 
6-(4'-hydroxyphenyl)-2(RHphenylmethyl)hexanamide. 

N-<cis-2(R)-Hydroxy-1 (S)-indanyl)-5(Sf(1 .1 -dimethylethoxycartx)nylamino)-4(S)-hydroxy-6-<3- 
dimeihyIaminomethy!-4-hydro)cypher>yl)-2(R>-(phenylmethyl)hexanamide. 
5(SH(^l-Dimethylethoxycarbonyl)aminoH{S)-hydroxy-€-phenyl-2(RHphenylrnethyl)-h 
benzimidazoylmethyOvaline amide. 

5(SK(^1 -Dimethylethoxycarbonyl)am(noH{S)-hydroxy-6-phenyl-2(R)Hphenylmethyl)-hexanoyl^ H- 
imidazol-4-yl))-1 -hydroxymethylethyljvaline amide, 
^^{cis-2(R)-Hydroxy-1 (S)-indanyl)-5{SH(1 .1-<iimethylethoxycarbonyl)amin 
(R)-{phenylmethyl)hexanamide, 

5(SH(^1-Dtmethylethoxycarbonyl)aminoh4(S)-hydroxy-6-phenyl-2(RHphenylmettiyl)-hexanoyl-N^ 
dimethylaminobenzyl)vaIine amide. 

5(SH(1.1-Dimethy!ethoKycarbonyl)aminoH(S)-hydroxy-6-phenyh2(RHphenylmethyl>-h 
befi2imidazolyfmethyt)pheny1glycineamide, 

3[H1RH1.1-0>n)ethylethoxycartx>nylamino)-2Hphenylethyl)phosph^^ or R)-phenylmethyi'N-(2(R)- 

hydroxy-1 -indanyl)propanamide, 

5(SK{lJ-Dime%lethoxycarbonyl)aminoH(S)-hydroxy-6-phenyl-2(RHphenylmethyl)hexanoyl-N-{2 
benzimidazotyl)valine amide. 

N^2(R)-hydroxy-1(SHndanyl)-5(SH(4-pyridinylmethoxycarbonyl)aminoH(Shhydroxy-6-phen^^ 
(phenylmethyl)hexanamide. 

N-(2(R)-hydroxy-1{SHndanyl)-N'-[(1-methylethoxycarbonyl)aminoH{S)-hydroxy-6-phenyh^ 
(phenylmelhyOhexanamide. 

5(SH1.1-Dimethylethoxycarbonylamino)-4{Shhydroxy-6-phenyl-2(R)-(4'*iodophenylmethyl)h 
dimethylaminopropyl)-vafine amide, 

N-(ben2yl)-5(SH1 .lKjimethylethoxycarbonyiamino)-4{S)-hydroxy-6-phenyI-2(R)-(phenylmethyl)hexanoyi 
valine thiomide, 

N-(l (R).2(S)-dihydroxy-3(SHndaiiyl>-N'-(1 J -dimethylethoxycarbonylamino)-4(S)-hydroxy-€-phenyl-2(R>- 
(3 phenylprop-2 en-yl)hexanamtde. 

N44(S)-ben2opyranylh5(SH1.1-<iwTiethyiethoxycartonylamifK))-4^ 
hexanamide. 

N44<R,SHjen20pyranyl}-5(SH1.1-<ii'"6thytethoxycarbonylamino)-4<SHiydroxy^^ 
(pheny1methvf)hexanoyl-vanne amide. 

^Hally^5-amir^o-5-deoxy-2,3-0-isop^opylkjen©-^-0-ribosy l)-5(SH^ ,1 -dimethylethoxycarbony lamino)-4<S)- 
hydrDxy-6-phenyI-2(RHpheny(methyl)hexanoyl-varine amide. 
5(SK(1 .1 •<JiniethylelhOKycartx)nyl)aminoH(Shhydroxy'^henyl-2(^ 
methylaminoethyl)-vaIine amide. 

N-<cis-1 -hydroxy-cyclopefTt-2-en-3-y l)-5(SH1 . 1 -dimethy lethoxycarbony laminoH(S>-hy droxy-6-pheny l-2(R>- 
(phenylmethyl)he»anamlde, 

5(SH(1 .1 -dimethylethoxycarbony()aminoH<SHiydroxy-6-phefTyl-2(RHph 
5-isoxazoloyl-methyOvaline amide. 

N-<cis-2(R)-hydroxy-1 (SHndanyf)-5(S)-ben2yloxycarbonyiamino -4{S>-hydroxy-6-phenyi-2{RHpfieny1methyl)- 
hexanamide, 

^H2-hydro>cyethyl)-5(SH1»t<^im«thy^ettKJxycarbonylami^wDH^ 
isoleucyl-amtde, 

5(SW1 11 KlimethylethoxycartonylamirTOH<SHiydroxy-^henyl-2(RH^ 
phenyl gtyctne amide. 

N-{cis-2(R or S)-aminocarbonyl-1 (S or R)-lndanyf>-5(SH1.1-<liniethyletlx)xycartx)nylaminoH<S>-hydrox^ 
phenyt-2(RHphenylmethyi)heKanamide. 

^H2^R)-hyd^oxy-l(SH^dany^)-5(SH(1ttHlimethylethoxycarbonyl)amino^ 
(RH4-tiydroxyph6nyimathyf)haxanamlde. 

N-<cis-2(R or SKarboxy-l (S or R)-indanyl)-5(SH1,l-dimethylethoxycarbonylamino>-4{S)-hydroxy-6-phenyJ- 
2(RHphanylmethyOh8xanamtde, 

«^cis-2(R)-hydroxy-1 (SHftdanyi)-5-<1 .1 -dimethylethoxycarbonyiamino>-4{S)-hydroxy-6-phenyl-2(RH4- 
nftrophenylm6thyl)hexanamlde. 

5(SH1 .1 Klimethy!ethoxycarbonytamirio>-4<SHiydroxy-^henyl-2(RH4-nitroph^ 
hydroxyethyi)-pheny!glyclne amide. 
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N-(cis-2(R)-hydroxy-1 (SHndanylh5(S)-(l . 1 -dimethylethoxycarbonylaminoH{S)-hydroxy-6-phenyl-2(RH^ 
aminophenylmelhyO-hexanamide. 

N'-<ljKlimethytethoxycarbonylh5(Shamino-4(S)-hydroxy-6-phenyI-2(RHpheny(meth 
morpholino)propyl)l-vaHne amide. 

N-(5-amino-5-deoxy-0-ribosylh5(SH1 . ' -dimelhy tethoxycartx3nylamino)-4(S)-hydroxy-6-pheny l-2(R)- 
phenylmethyl-hexanoyl-valine amtde. 

N-(5-amino-5KJeoxy-2,3.0-isopropylidene-0-ribosyl)-5{SH1 J Hdimethy 
phenyl-2{RHphenylmethyl)hexanoyl-valine amide, 

5(SH(1.1-c*>methylethoxycarbonyi)aminoH(S)-hydroxy-6-phenyl-2(Rh(phenylmem^ 
pyridylmethyl)valine amide. 

5(SH(t.l-dimemylethoxycarbonyl)aminoM(SHiydroxy-6-phenyl-2{RHphenylmethyO 
pyridylmethyl)valin8 amide. 

5(SH(1 . 1 -dimethy lethoxycarbony I)aminoH(R)-fc'enzyl-4{S)-hydroxy-6-pheny Ihexanoyl-N-(2-[2-(2- 
methoxyethoxy)elhoxylelhyl)va!ine amide. 

5(SH{1.1-<iimethylelhoxycarbonyi)aminol-2(Shhydroxy-6-phenyl-2(R)-{phenyIme 
pyridylmethyl)vaiine amide. 

N-Icis-3(S)4iydroxy-4(S)-benzopyranyll-5(SHl jHjimethylethoxycarbonylamino)-4{S)-hydroxy-6-phe 
phenylmethyl-hexanamide, 

N-{1 R,2SKlihydroxy-3SHndanyl)-5{SH1 .1 -<iiniethylemoxycarbonylaminoH(S)-hydroxy-6-(4 -hydroxyphenyl)- 
2(RH^'-hydroxyphenyl)methylhexan amide, 

N-(cis-2(R)-hydroxy-1 (S)-indanyi)-5{S)-(l .1 -dimethylethoxycarbonyiaminoH(S)-hydroxy-6-phenyl-2(R)- 
(phenylthiomeUiyl)hexanamlde, 

Dinthium N-(2i5hosphoryloxyethy!)-5(S)-(1 . 1 -dimethy lethoxycarbonylamino)-4(S)-hydroxy-2{R)- 

(phenylmethyl)hexanoyl-isoleucylamide. 

N-{Methyl-5-amino-5KJeoxy-{ai3hD-xylosyl)-5(SH1.1-dimemy!ethoxycarbonyl^ 
2(R)-{phenylmelhy!)hexanoyHle amide. 

5(SH(4-pyridyimethoxycarbonyl)aminoH{S)-hydroxy-6-phenyl-2(RHphenylmethyi)hexanoyl-N-{2- 
benzimidazoly!methyl>-!ie amide. 

N-(cis-2(R)-hydroxy-1 (S)-indanyl)-5(SH1 ,1 -dimethyielhoxycarbonylamino)-4(S)-hydroxy-6-phenyh2(R)-(4- 
(1 .1-dimethylethyl)phenylmethyl)he)canamide. 
or phamnaceutically acceptable salt thereof. 

The phannaceutically-acceptable salts of the compounds of Formula I (in the form of water- or oil- 
soluble or dispersibte products) include the conventional non-toxic salts or the quatemary ammonium salts 
of these peptides, which are formed, e.g.. from inorganic or organic adds or bases. Examples of such acid 
addition salts include acetate, adipate, alginate, aspartate, benzoate, l>enzenesulfonate, bisulfate. butyrate, 
citrate, camphorate. camphorsuifonate, cyciopentanepropionate, digiuconate. dodecylsulfate, ethanesul- 
fonate, fumarate, glucoheptanoate. glycerophosphate, hemisuttate. heptanoate. hexanoate, hydrochloride, 
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate. methanesulfonate, 2-naph- 
thalenesulfonate, nicotinate. oxalate, pamoate, pectinate, persulfate, 3-phenylpropionate. picrate. ptvalate. 
propionate, succinate, tartrate, thiocyanate. tosylate, and undecanoate. Base salts include ammonium salts, 
alkali metal salts such as sodium and potassium salts, alkaline earth metal salts such as calcium and 
magnesium salts, salts with organic bases such as dicyclohexyiamine salts, N-methyl-D-glucamine, and 
salts with amino adds such as arginine, lysine, and so forth. Also, the basic nitrogen-containing groups may 
be quatemized with such agents as tower alkyi haiides, such as nrtethyl. ethyl, propyl, and butyl chloride, 
bromides and todkles; diaikyi sulfates like dimethyl, diethyl, dibutyl; and diamyl sulfates, long chain halides 
such as decyl, lauryl. myristyl and stearyl chlorides, bromides and iodides, aralkyi halides like benzyl and 
phenethyl brornkdes and others. 

HW protease inhibitors of Formula I may be prepared in accordance with well-known procedures for 
preparing peptide arudogs from their constituent amino acids or analogs thereof. In general, once the G 
suljstituent is made, the rest of the synthesis foltows the prindple of amide bond formation by the coupling 
methods of either soiutiorvphase or solid-phase peptide synthesis. The addition and removal of one or more 
protecting groups is also typk:ai practice. 

Structures and abbreviattons for the G components of the inhibitors of the present invention include: 
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OH / 



1 . 



NH- 




R 



9 



i9 



OH 



II 
O 



a hydroxyethylene dipeptido isostere prepared, for example, by an intermediate lactone according to Evans, 
B.E. et al J. Org. Chem. 50. 4615(1985) or Kempt DJ. J. Org. Chem. 51^, 3921(1986). Synthetic routes to 
similar peptide bond isosteres. such as 



20 



25 



H 



/ 



H-W 



H OH ^ 



Cal[ CHCOH)CH2] Val. 



30 



35 



40 



are readily available. The mtemtediate B0C-CaJ[CH(0H)CH2lVaK)H lactone is obtained from intennedates 
prepared using methods described by P. Buhlmayer et al, in PubOshed European Patent Application 
184,550-A2. Other synthetic routes to peptide bond isosteres of like character are described in the 
following: 

a. Szelfce ft al . in Peptides. Structure and Function. Proceedings of the Bghth American Peptide 
Symp(ed. VJ. Hruby and D.H. Rich) pp. 579-82, Pierce Chemical Co., Rockford. lU 

b. O.T. Pals et al in European Patent Appin, 1 73.481 -A2; 

c. AM, Fray et3, J. Org. Chem., 51^, 4828-4833 (1986); and 

d. M. Szeike et al, PCT Int Appl. WO 84 03.044; 

Structures and abbreviations for other G components of the inhibitors of the present invention include: 



45 



50 



3. 




55 



with BOG-ACHPA-OEt being prepared by the method described by Boger et al., J. Med. Cham., 1985. 28. 
1779-1790; ~ 
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4* 




10 



Statin© (Sta} 



with BOC-Sta-OEt being prepared in accordance with the procedure described by Rich et aJ., J. Org. 
;5 Chem.. 43.3624(1978); 



20 



5. 



25 



H— : 




JUiPPA 



30 



with BOC-AHPPA-OEt bein^ prepared as described by Rich et al., J. Org. Chenn.. 23. 27-33 (1980); 



35 



6. 



40 




45 



7, 



50 




5S with B0C-AmSta(CB2)-OH being prepared as shown in the followng Scheme, and BOC-AmACHPA(CBZ)- 
OH being prepared as illustrated in the Scheme by substituting BOC-ACHPA-OEt for BOC-Sta-OEt 
Syntt^esis of protected 3-amino-3Kleoxy-(3S, 4S)-statine: 
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r .t. 

pyridine 
1-3 ht. 



0 

CH3-S-CI (1.1 eq.) 
0 



t 



Evap.. 35 •€ 
Pump 2-4 days 

Aqueous workup 
EtOAc/lOl citric acid 



(Pre-ehaken before 
dissolving up 
crude product) 



I 

I 



Oiled out from 
EtOAc/Hexanc 



BOC-NH 0 



:OEt sweater than 951 yield 



0 — S-CHn 
0 



greater than 951 purity (TLC. NMR) 
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CI5CI3 



(nBu)4N®M3 ^ 

1 eq.. ^S^C, 18 hr. 



BOC-NH 




-^ 20% elimination 



Aqueous 
wrkup 



100% eliaination 



CHCl3/EtOH 1 Pt02/H2 



1 



40 lbs . , 4 h£ 




. HI2 0 

The amine is isolated by extraction into weak add/Protection of the amine function Is pertonned as follows: 




NH2 0 
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5 



Et3N 
CH2CI2 




C 
u 

0 



w 



20 



15 



BOC-NH 




•OEt -F* excess CBZ reagent 



HH-CBZ 0 



25 



(predominantly R at position 3 
as shown). 



Base hydrolysis gives the free acid for incorporation into the synthesis of the compounds of Formula i; or 
alternatively, this material may be prepared as described by Jones et ai, in Peptides, Structure and 
30 Function. Proceedings of ttie Ninth American Peptide Symposium (eds. C, M. Deber, V.J. Hruby and kToT 
Kopple) pp. 759-62, 1985. Pierce Chemical Co., Rockford. IL; Arrowsmith et al, J. Chem. Soc. Chem. 
Commun. 755-7 (1986); and Raddatz et al. Published Eur. Pat AppL 161.588: 
with effident methods for preparing the 2-substituted statine component Q (such as 



in a suitably protected form being described in Pub. Eur. Pat Appln. 157.409 (with other pertinent 
references including D. Veber et al. Biochem. Soc. Tr^., 12. 956-959 (1984) and H. Stein et aJ. Fed. Proc. 

45. 869. Abstract No 4151 (1986)). 

Amide couplings used to form the compounds of this invention are typically performed by the 
carbodiimide method with reagents such as cficydt^exylcartwdiimide, or N-ethyl. n'-<3- 
dimelhylaminopropyl) carbodiimide. Other methods of forming the amide or peptide bond Include, but are 
not limited to synthetic routes via an add chloride, azide, mixed anhydride or activated ester. Typically, 
solution phase amide couplings are performed, but solid-phase synthesis by classical Menrifield techniques 
may be employed instead. 



35 




40 



(2-isobucyl)ACHPA 
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The selection of protecting groups is, in part, dictated by particular coupling conditions, in part by the 
amino acid and peptide components involved in the reaction. Such amino-protecting groups ordinarily 
employed include those which are well known in the art for example, urethane protecting substituents such 
as benzyloxycartranyi (carbobenzoxy), p-methoxycarbot>en20xy, p-nitrocartxjbenzoxy. l-butyloxycartjonyl, 
5 and the Oka. It is preferred to utilize t-butyloxycarbonyl (BOC) for protecting the a-amino group in the amino 
acids undergoing reaction at the ^arboxyl end of said amino acid, in part because the BOC protecting group 
is readily removed by relatively mild acids such as trifluoroacteic acid (TFA). or hydrogen chloride in ethyl 
acetate. 

The OH group of Thr. Tyr or Ser and analogs thereof may be protected by the Bzl (benzyl) group and 
w the epsilon-amino group of Lys may be protected by the IPOC group or the 2-chloroben2yloxycarbonyl (2- 
CI-CBZ) group. Treatment with HF or catalytic hydrogenation are typically employed for removal of IPOC or 
2-CI-CBZ. 

One scheme for preparing compounds of Formula 1 is presented below. Example I specifically 
illustrates the application of the following Scheme (I) to specific compounds. 

15 



20 



25 



n 9F, Et,0 

(CHOsSlCHiMgCl OH ' — ^ 



a 



O 



2> dlochyi iralonato, X^^-'cCXD! 



30 _ _ _ 

3S£ 



o odium oc hosldo q 



35 

^kl^ ^^.xf ^^^^ 

40 

Illustrations of the product of Scheme I includes the following compounds of Table I 
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PhCH2- -(CH2)20CH3 
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PhCH2- 



10 




CH2- 



/5 



20 



CH3(CH2)3- 



PhCH20 




CH2- 



25 



30 



35 



40 



PhCH20 



PhCH20CH2- 
CH3 

PhCH20CH- 



(CH3)2CHCH2- 



PhCH2- 



(CH3)2CH- 



-CH2Ph 



-CH2PH 



-CH2Ph 



-CH2CH»CH 



-CH2PI1 



-<:H2CH(CH3)2 



CH3 

-CHCH2CH3 



50 



55 
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50 



SS 
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B groups are added onto the carboxyl terminai end by. for example, amide coupling in Scheme 11. See 
Example 1 for specific illustration. 



10 



15 



20 



25 



35 



40 



45 



50 



55 



3> WUC 



OH 



30 Products of Scheme II include compounds with substituents listed in Table 11. 
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10 



TASLE II 



BOCNH 




B-B-J 



15 



20 



25 



30 



35 



40 



PhCH,- 



PhCHj- 
PhCHj- 

PhCKj- 
PhCHj- 



PhCHj- 



-CHjPh 

-CHjPh 
-CHjPh 



-CHjPh 



-(CH2)3CH3 



-CH,Ph 



B-B-J 



-CH2-CH«CH-Ph -LcuPhc [KH2) 



-L6uPhc[NR2] 



-Iltt[NH2] 



-LeuNH ^ NHSO2CH3 



-L«uPhe(0CH3) 



N 
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PhCHj- 



-CH 



Ph -UuPhclNHj] 



CH3(CH2)3- 
PhCH2- 



-LeuFhelHfi2l 



Ph 



PhCH- 



PhCH2- 



-GH 




-LeuPh«lNH2J 



PhCh2- 



-CH2ph 



-LeuNH 




0 

NHCCH? 



-CH^Pli 



-LcuNH/ \— OH 



37 



EP 0 337 714 A2 

E\ BdBrJ 

PhCH^- j'-CHjPh -LeuPhe 




PhCH 



PhCHjO-CHj. -CH2-Ch2-CH2-Ph -IlePhetNHj] 

PhCH20-CH- -CHjPh -IleNH^ /^OH 

^^^^2- -CH2Ph _ -(CH2)2NHS02CH3 



PhCHj- -CH2-CH»CH-Ph -IleNH 




NB2 



0 

PhCH2- -CH2Ph -MH, 




NH2 



Ph 



Additional J groups are added by Schemes Ilia and lllb. 
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See also Example 4. Product compounds include those of the following Tables Ilia & llib. 
IS TABLE Ilia 
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PhCH- 



PhCH2 



■MH-rJA and other -T ptoups 



»-CH2Ph . -NH-(CH2)2CH(CH3)2 



-CH2Ph -NH-CH2 



PhCB2 



-CH2Ph -NH-CH2 




PhCH2 



-CH2Ph 




PhCH- 



'CH2Ph 



CI 

■NH-CH2 




CI 
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TABLE TTIb 



BocMH 




PhCH2 



-CH2Ph 



-N N-CH3 



PhCH2 



-CE2PI1 



A 



PhCH2 



-CH2PI1 



-O 



PhCH2 



-CH2Ph 




a benzopiperidinyl J group 



PhCH2 



CONH2 



-CH2Ph 
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The compounds of tfie present invention are useful in the inhibition of HIV protease, the prevention or 
treatrrent of infection by the human immunodeficiency virus (HIV) and the treatment of consequent 
pathological conditions such as AIDS. Treating AIDS or preventing or treating infection by HIV is defined as 
including, but not limited to. treatina a wide range of states of HIV infection: AIDS. ARC (AIDS related 
5 complex), both symptomatic and asymtomatic. and actual or potential exposure to HIV. For example, the 
compounds of this invention are useful in treating infection by HIV after suspected past exposure to HIV by 
e.g.. blood transfusion, accidental needle stick, or exposure to patient blood during surgery. 

in the present invention, compounds with asymmetric centers may occur as racemates, racemic 
mixtures and as individual diastereomers, witii all isomeric forms of the compounds being included in the 
10 present invention. 

For these purposes, the compounds of the present invention may be administered orally, parenterally 
(including subcutaneous injections, intravenous, intramuscular, intrastemai injection or infusion techniques), 
by inhalation spray, or rectally. in dosage unit formulations containing conventional non-toxic 
pharmaceutically-acceptable carriers, adjuvants and vehicles. 
15 Thus, in accordance witfi the present invention there is further provided a method of treating and a 
pharmaceutical composition for treating HIV infection and AIDS. The treatment involves administering to a 
patient in need of such treatment a pharmaceutical composition comprising a pharmaceutical carrier and a 
tiierapeuticaJly-effective amount of a compound of the present invention, or a pharmaceutically-acceptable 
salt Uiereof. 

20 These pharmaceutical compositions may be in tiie form of orally-administrable suspensions or tablets; 
nasal sprays; sterile injectable preparations, for example, as sterile injectable aqueous or oleagenous 
suspensions or suppositories. 

When administered orally as a suspension, these compositions are prepared according to techniques 
y/ell-known in the art of pharmaceutical formulation and may contain microcry stall! ne cellulose for imparting 
25 bulk, alginic add or sodium alginate as a suspending agent, methyicellutose as a viscosity enhancer, and 
sweetiiers/flavoring agents known in the art. As immediate release tablets, tiiese compositions may contain 
microcrystaillne cellulose, dicak:ium phosphate, starch, magnesium stearate and lactose and/or other 
exciptents. binders, extenders, disintegrants. diluents and lubricants known in the art 

When administered by nasal aerosol or inhalation, these compositions are prepared according to 
30 techniques welMcnown in the art of pharmaceutical formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavailability, 
fiourocartxsns. and/or otiier solubilizing or dispersing agents known in the art 

The injectable solutions or suspenstons may be formulated according to known art using suitable nor>- 
toxic, parenterally*acceptable diluents or solvents, such as mannitoi, 1 ,3-butanediol. water. Ringer's solution 
35 or isotcnk: sodium chkiride solution, or suitable dispersing or wetting and suspending agents, such as 
sterile, bland, fixed oils, including synthetic mono- or diglycerides. and fatty adds, including oleic add. 

When rectally administered in the form of suppositories, these compositksns may be prepared by 
mixing the dnig with a suitable nonnrritating exdplent such as cocoa butter, synthetic glyceride esters or 
polyethylene glycols, which are solid at ordinary temperatures, but Hquidify and/or dissoh/e in Uie rectal 
JO cavity to release the drug. 

Dosage levels of ttie order of 0.02 to 5.0 or 10.0 grams-per-day are useful in the treatment or 
prevention of the above-indicated conditions, with oral doses two-to-five times higher. For example, infection 
by HIV is effectively treated by ttie administration of from 10 to 50 miltigrams of the compound per kitogram 
of body weight from one to tivee times per day. It will be understood, however, that tiie spedfk: dose level 
45 and frequency of dosage for any particular patient may be varied and will depertd upon a variety of factors 
induding the activity of the spedfk: compound empkiyed, the metat)olic stability and length of action of that 
compound, tiie age, body weight general health, sex, diet mode and time of administration, rate of 
excretion, drug combination, the severity of the particular condition, and the host undergoing ttierapy. 

The present invention is also directed to combinations of the HIV protease-inhibitory compounds with 
so one or more agents useful in the treatment of AIDS. 

For example, the compounds of this invention can be gh^ in combination with the antivirals, 
immurramoduiaters, antibratics or vacdnes or other derivative fonns thereof as listed in the Table fV 
[source: Marketietter , Nov. 30. 1987, pp. 26-27; Genetic Engineering Mews, Jan. 19M, Vol. 8, 23]: 

55 
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AL-721 



Sthigen 



Indication 
ARC, PGL 



BETASEROM Triton Biosciences AIDS, ARC, KS 

(intesfe?on beta) 



CARRISTN Carrington Labs 

(polyiaannoacetate ) 



ARC 



CITOVENE 
(ganciclovir ) 



CMV 



DDC Hoffmann-La Roche AIDS, ARC 

(dideosycytidine) 



^Abbreviations: AIDS (Acqxxired Iiomune Deficiency 
Syndroae); ARC <AIDS related comples); CMV 
(Cytoaegalovir\x8, vhich catases an ogporttanistic 
infection resulting in blindness or death in AIDS 
patients); HIV (Htaaan I@awnodef ieieacy VirixSo 
previously knonn as LAV, HTLV^-III or ARV); KS (Kaposi's 
sareo@a); WC? (?neu@onoey8tis carinii pneumonia, an 
opporttanigtic infection); PGL (persistent generalised 
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Drug r^ame 

FOSCARNET 

(trisodium 9 
phos phonof o rma t e ) 



Manufacturer 
Astra AB 



Indication 
HIV inf , CMV 
retinitis 



HPA-23 



Rhone-Poulenc Sante HIV infection 



ORNIDTL 
(eflorni thine) 



Merrell Dow 



PCP 



PEPTIDE T 
(octapeptide 
sequence) 



Peninsula Labs 



AIDS 



RETICULOSE 
(nucleophospho- 
protein) 



Advanced Viral 
Research 



AIDS. ARC 



RETROVIR 
advanced 
(zidovudine; 
A2T) 



Burroughs Wellcome AIDS, 



ARC 

pediatric 
AIDS, 

KS, asympt 
HIV. 

less severe 
HIV. 

neurological 
in- 
volvement. 
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Drug Name 
RIFABUTIN 
(ansaaycin LM 427) 

.(triaetrexate) 
UAOOl 

VIRAZOLE 
(ribavirin) 

WELLFERON 

(alfa interferon) 

ZOVIRAX 
(acyclovir) 



Adria Labs 

Warner-Laabest 

Ueno Fine Chca 
Industry 

Viratek/ICN 
Bussoughs Wellcome 
Burroughs Wellcoae 



ARC 



PCP 

AIDS. ARC 



AIDS. ARC. KS 



KS. EIV, in comb 
with RETROVIR 

AIDS, ARC, in 
coab ^ith 
RETROVIR 



B. Ttasmmoraodplators 



pg^e Waae 
ABPP 



(bfopiriaine) 

AilPLIGEN 
(aisaatched RNA) 



Ad'^aaced AIDS, 



DuPont 

HEM Research 



AP.C. PGL 



(Anti-huaan alpha Advanced Biotherapy AIDS, ARC. KS 
interferon 
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Colony Stiistilating 
Factor (GM-CSF) 

CL2^6.738 
(CL246.738) 

IMREG-l 



IMREG-2 

IMUTHIOL 
(diethyl dithio 
carbaaate) 

Dgtig Waae 
IL-2 

(interleukin-2) 

(iaterleukin-2) 
IKTEOK»A 

(iatesferon alfa) 

ISOPRINOSINE 
(iaosine pranobex) 

(methionine 
enkephalin) 



Sand02 Genetics 
Institute 

American Cynamid 

Imreg 

Imreg 

Merieu2 Institute 



^antif acttirer 
Cetus 

Eo£fs€Lnn«La Roche 

Scheeiag-Plotsgh 

Newport 

Pharmaceuticals 



TNI 

Pharaaceuticals 



AIDS, ARC. HIV, 
KS 

AISS 



AIDS, ARC, PGL, 
KS 

AIDS, ARC, PGL, 
KS 

AIDS, ARC 



AIDS, KS 



AIDS, KS 



KS 

ARC, PGL, HIV 

seropositive 

patients 

AIDS, ARC 
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MTP-PE 

(rauramyl-tripep- 
tide) 

THTMOPENTIN (TP-5) 
(thyaic compound) 

ROFERON 

(interferon alfa) 

(recombinant 
erythropoietin) 



TREXAH 
(naltrexone) 

TNF (tumor 
necrosis factor) 



Ciba-Geigy 



KS 



Ortho 

Pharmaceuticals 



HIV infection 



Hoffmann-La Roche KS 



Ortho 

Pharmaceuticals , 



DuPont 



Genentech 



severe anemia 
assoc with AIDS 
L RETROVIR 
therapy 
AIBS, ARC 



ARC, in 

combination 

interferon 



C. A)(?^i^^Q^3.cs 



PEHXAM 300 
(pentamidine 
isethionate) 



:!;^dicatlQxx 



D. Vaccines 



Any one of a variety of AIDS or HIV vaccines presently under study and development can be used in 
combination with the compounds of this invention or salt or derivative fonms thereof, in the treatment or 
prevention of AIDS and diseases of similar character caused by HIV. 

It will be understood that the scope of combinations of the compounds of this invention with AIDS 
antivirais, immunomodulators, antibiotics or vaccines is not limited to the list in the above Table, but 
includes in principle any combination with any phamiaceuticai composition useful for ttie treatment of AIDS. 



SYNTHESIS 
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w 



15 



The preparation and synthesis follows, in general. U.S. Patent 4.661.473; Evans. B.E. et aJ. J. Org. 
Chem. . 50, 4615. (1985) and Evans. B.E. et al.. "A Stereocontrolled Synthesis of Hydroxyethylene^Dipeptide 
Isosteres." Proc. Am. Pept. Symp., ^. 743-6(198). and Luly, J.R. et ai, J. Org. Chem. 52, 1487 (1987). all 
herein incorporated by reference. " 



EXAMPLE 1 



Preparation of n'-{1 . 1 -Dimethy lethoxycartxjny l)-5(S>-amino-4<S>-hydroxy'6-pheny ^-2(R)^^phenylmethyl)- 
hexanoyl-Leucyl-phenylalany^ amide. Compound I " 



Step A: Preparation of N'3(SH(1.1'DifTiethylethoxycarbonyl)amlnoh2(RS)-hydroxy-4-phenyl-1-trimethylsilyl 
butane: 



20 



25 



30 



35 



To a stin-ed suspension of magnesium turnings (979 g. 403 mmol) in dry diethyl ether (200 mL) under 
nitrogen was added chloromethyltrimethylsilane (50 mL, 358 mmol). The reaction was initiated by gentle 
warming and then was cooled in an ice bath to maintain gentie reflux. After exotherm was complete the 
reaction was stirred at room temperature for 1 hour then cooled to -78' C in a dry ice/acetone bath. To the 
solution of the Grignard was added dropwise with stining a solution of N-2(S)-{(1.1-dimethylethoxycarbonyl)- 
amino I-3-phenyl propionaldehyde {19.3 g, 77.4 mmol) in dry dietiiyt ether (250 mL) dropwise such that the 
temperature of the reaction remained below -55* C. The resultant gray suspension was allowed to warm to 
room temperature where it was stirred for 30 minutes then was quenched by pouring into a mixture of ice 
(500 g) and 10% citric add (500 mL). The organic phase was collected and the aqueous phase was 
extraaed with diethyl ether (3 X 300 mL). The combined organics were washed with 10% citric acid (1 X 
300 mL) and brine (1 X 200 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give crude ^^3(S>^(1.1Klimethylethoxycartx^nyl)amino^2(RS)-hyd^oxy-4-phenyl-1-trimeti^ butane (26.6 
g. quantitative crude yield) as a yellow oiL An analytical sample was obtained by low pressure chromatog- 
raphy (silica gel. 230-400 mesh; diethyl ether hexanes, 30%:70%) followed by recrystallization from 
heptane, mp = 91-95* C: 



40 



elemental analysts. Calcd. for CiaHaiNOaSi (337.53): 



Found: 



c = 


64.05. 


H = 


9^6, 


N = 


c « 


64.05, 


H = 


9.13, 


N = 



415; 

4J22; [alo20 = -40.0* 
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Step B: Preparation of 3(S)-Amino-4^enyH-butene. 

To a stirred solution of the product of Step A (22^ g. 67.5 mmoL) In dry methylene chloride (400 mL) 
cooled in an Ice bath and under nitrogen was added in a fine stream Ijoron trifluoride etherate (43 mL, 345 
mmol). The solution was allowed to warm to room temperature where it was stirred for 4 days. Reaction 
was cooled in an ice bath and quenched by the dropwise adcfition of 10% sodium hydroxide (400 mL). The 
organic phase was collected and the aqueous phase was extracted with methylene chloride (2 X 250 mL). 
The combined organics wecB washed with brine (1 X 200 mL), dried over anhydrous magnesium sulfate, 
filtered, and concentrated to give cnide 3(S)-amino-4-phenyH-butene (14.2 g) as a yellow oil. 



Step C: Preparation of N-3(SH(1.1'Oimethylethoxycarbonyl)aminoH-phenyl-1-butene: 

A solution of the product of Step B (142 g) and dNert-butyl dicartwnate (31.0 g, 142 mmoL) in dry 
mettiylene chloride (200 mL) was stinned at room temperature for 18 hours, washed with 10% citric acid (3 
X 100 mL), water (1 X 100 mL). safd. sodium bicarbonate (3 X 125 mL), and brine (1 X 250 mL). dried over 
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anhydrous magnesium sulfate, filtered and concentrated to yield crude N-3(S)- 11(1.1 -dimethylethoxycar- 
bonyl)aminoH-phenylbut0n8 (34.6 g) as a yellow oil. Crude product was purified by low pressure 
chromatography (silica gel, 230-400 mesh, 10 X 20 cm column; diethylethen hexanes. 20%: 80%) to yield 
N-3(SH{1.1-d(nnethylethoxylcarbonyl)aminoH-phenyl-1-butene (16.3 g. 97.6% yield) as a white solid. An 
5 analytical sample was obtained by recrystailization from heptane, mp = 67.5-68.5' C; 

elemental analysis. Calcd. for Ci5H2iN02 (247.34): 



c = 


72.84, 


H = 


8.56. 


N = 


5.66. 


c = 


72.78. 


H = 


8.76. 


N = 


5.64. 



Step D: Preparation of 1 (R)-{1 '(S>'(1 .1-Dimethylethoxycarbonyl)amino*2'phenylethyl]oxirane: 

To a solution of the product of Step C (9.4 g, 38 mmol) in dry methylene chloride (100 mL) cooled In an 
ice bath and under nitrogen was added 3-chioropero)cybenzoic acid (technical grade. 80-85%; 41 g, 200 
mmol). The mixture was stirred at 0*C for 18 hours and 25* C for 23 hours, then diluted with diethyl ether 
(300 mL), and poured In ice cold aqeous 10% sodium sulfite (1 L). The organic layer was collected and the 
aqueous layer was extracted with diethyl ether (3 X 100 mL). The combined organics were washed with 
10% sodium sulfite (3 X 100 mL), satd. sodium bicarbonate (3 X 100 mL). and brine (1 X 100 mL), dried 
over anhydrous sodium sulfate, filtered and concentrated to give a white solid. Crude product was purified 
by low pressure chromatography (silica gel 230 - 400 mesh, 8 X 15 cm column; ethyl acetate: hexanes, 
25%:75%) to yield 1(R)-[1 (SH1.1-dimethyIethoxycartx»nyl)amino-2-phenylethyl]oxirane (7.0 g, 70% yield) 
as a clear oil which crystallized upon standing. An analytical sample was obtained by recrystallization from 
heptane, mp = 51 .5-52 *C; 



30 



elemental analysis. Caicd. for Ci5H2iN02 (263.34): 



Found: 



c = 


68.42. 


H = 


ao4, 


N = 


c = 


68.22. 


H = 


8.26. 


N = 



5.29; lah^ = 



5.3Z 
1.34- 



Step E: Preparation of(5S.1 'S)-3<arbcethoxy5-KH0 ^ '<iimethylethoxycarbonyl)amino)"2-phenylethyl>- 
dihydrofuran-2-(3H)-one. 

The product from Step D, 9*93 g, was dissoWed in 100 mL of absolute ethanol and added to a soluton 
40 of 2.6 g of sodium and 20.1 mL of diethyl malonate in 170 mL of absolute ethanoL After stirring ovemtte, 
the. reaction was actdifted to pH 4 witfi 10% dtric add and extracted with 2 X 500 mL of ether. The 
combined orgarilc extracts were washed 1 X 500 mL H2O, 1 X 500 mL saf d NaHCOa. 1 x 500 mL saTd 
brine and dried over MgSd. The solvents were removed and the crude product purified by tow pressure 
chromatography on silica gel eluting with 50% ether/hexanes (or EtOAc/hexanes). The yield of semi-solid 
45 product was 10.6 g. The later fractions contained 2.5 g of the undesired 5 R isomer as a white solid. 

Step F: Preparation of (53.1 's-)3K:artx)ethoxy-3-phenylmethyl^1 -<(1 ,1 -dimethylethoxycart)onyi)-amino)-2- 
phenylethyl)dihydrofuran-2-(3H)-one. 

50 

The product of Step E, 10B g, was dissolved in lO) mL of abs. ethanol containing 3.7 mL of benzyl 
bromide and added to a solution of 0.71 g of sodium in 100 mL of absolute ettianol. The solution was 
heated to 50* G for 1.5 hours, tt>en cooled in an ice bath and acidified with 500 ml of 10% citric acid. The 
mixture was extracted 3 X 500 mL of ether and the combined ether extracts washed with 400 mL of H20. 
55 400 mL of brine, dried (IWgSO*) and the solvent renrwved under reduced pressure to give 13.6 g of a clear 
colorless oil which was essentially homogeneous by TLC (25% ethyl acetata/hexanes). 
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Step G: Preparation of (3R,SS,l'S)-3'benzyl-5-(1-((1 J-dimethylethoxycart3onyl)amino)'2-phenyte^^ 
dihydrofuran*2-(3H>-one. 

The product of Step F. 13.6 g. was dissolved in 250 mL of 1^-dimethoxyethane, and to It was added 
5 117 mL of 1 M lithium hydroxide ht room temperature. After stirring for 12 hours, the solvents were 
removed under reduced pressure, the residue suspended in 200 mL of 10% citric add and extracted 3 X 
500 mL of diethyl ether. The combined ether extracts were washed with 500 mL of brine, dried (MgSO*) 
and the concentrated to dryness. The residue was dissoh/ed in 250 mL of toluene, heated to reflux for 12 
hours, then concentrated to dryness under reduced pressure. Purification by medium pressure chromatog- 
10 raphy over silica gel eluting with 15% ethyl acetate/hexanes gave 3.2 g of the 3R-lactone as a clear foam. 
Further elution wrth the same solvents gave 6.15 g of the 3S-lactone as a white solid. 

Step H: Preparation of n'*<1 J 'dimethyiethoxycarbonyl)-5(Shamino-4(SK1 ',1 '-dimethylethyl-l ,1 -dimethyl- 
15 silyloxy>-6-phenyh2(RHpbenylmethyl)-hexanoic add. 

(3a 5S, 1 'S>-3-Benzy l-5-(H{1 .1 -dimethy lethoxycarbonyl)amino>-2-phenylethy l)dihydrofuran-2-<3H)-one. 
0.5 g. was dissolved in 30 mL of a 2:1 mixture of ethylene glycol dimethyl etherA^^ter. and to it was added 
5 mL of 1 M lithium hydroxide at room temperature. After stirring for 1 hour, the solvent was removed in 

20 vacuo and the residue partitioned between 20 mL chloroform and 20 mL 10% citric acid. The layers were 
separated and the aqueous phase extracted with 3 X 20 mL chloroform. Tlie combined organic layers were 
dried (Na2S04) and the soh/ent removed to yield 0.46 g of the cnide hydroxy acid. This residue was 
dissolved in 5 mL of dry DMF and 0.845 g tert-butyl dimethylsilyl chloride and 0.725 g of imidazole were 
added. After stirring for 18 hours, the reaction was poured into 50 mL of water and extracted with 3 X 20 

25 mL of ethyl acetate. The combined organic extracts were washed with 3 x 20 mL of 10% citric acid, 1 x 20 
mL of water. 3 X 10 mL of saturated aqueous solution of NazCOs, and 20 mL of brine. After drying 
(Na2S0«), the solvent was removed and the resulting residue dissoh^ in a mixture of 5 mL of THF, 5 mL 
of gladal acetic add. and 2 mL of water. The mixture was stinred for 4 hours, then poured into 50 mL of 
water and extracted with 3 X 20 mL of ether. The combined ether extracts were washed with 2 X 20 mL of 

30 water, brine, dried (Na2S04), arnJ ttie solvent removed. Purification by medium pressure chromatography 
over silica gel, eluting with MeOH/CHCta gave 0.53 g of the product as a white solid. 

Step I Preparation of m'-<1 .1 -dimethy lethoxycart3onyi)-5(S)-amino-4<S>-(1 1 '-dimethylethyl*1 ,1 -dimethyl* 
35 silyloxy)-6-phenyl-2(flHpHenytmethyl)-hexanoyleucyl-phenylalanyl amide. 

The product from Step H, 0.183 g. was dissolved in 10 mL of dry DMF, and to it was added 0.124 g of 
leudnyl-phenylalanyl amide hydrochloride hemihydrate, 0.051 g off 1-hydroxybenzotriazole hydrate and 
0.069 g of dimethyf<3-(3-crtmethylaminopropyl) caitodiimide hydrochloride. Triethylamine was added to the 
40 stirring solution until the pH was 8.5. After stirring for 2 hours, the reaction was poured Into 80 mL of water 
and extracted with 5 X 10 mL of ethyl acetate. The combined organic extracts were washed with 3 X 20 mL 
of 10% citric add. 1 X 20 mL of water, 3 X 20 mL of a saturated aqueous solution of Na^COa. 30 mL of 
brine, dried (NajSO^). and the solvent removed to give 0.2 g of the product after purification by preparative 
thin layer chromatograpy (5% methanol/chlorofonm). 



Step J: Preparation of N-j^ ,1 -dimethylefhoxycart)onyl>-5(S)-amino-4<S)-hydraxy-6-phenyl-2(R>- 
(phenylmethyQhexanoyHeucyl-phenytalanyl amide. 

50 The product from Step I, 0J2 g, was placed in a flask and to it was added 2 mL of a 1M solution of 
tetrabutylammorrium fluoride in THF. After stining for 2 hours, the sohrent was removed in vacuo, and the 
residue was taken up in 50 mL of 10% methancl/chloroform and passed through a pad of silica gel. The 
solvent was removed m vacuo, and the remaining solid triturated with ethyl acetate. The solid was filtered 
through a silica pad and washed with ethyl acetate. The siBca get pad was then washed with chloroform 

55 (200 mL). The chloroform solution of the product was evaporated to yield 0.074 g of pure product The ethyl 
acetate solution was concentrated, and the residue was chromatographed over silica geL eluting with 
methanol/chloroform to give an additional 0.054 g of product The conibined yield of the product was 0.128 
g: mp 218-210' C. 
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EXAMPLE 2 



5 Preparation of N-benzy I"N'-(1 ,1 Hjimethyt8thoxycarbonyl)-S(S)-amino4{S)-hydfOxy6-phenyi'2(R)- 
(pheny1me5iyi)hexanoyl-Leucyi-amtde. Compound II 

Step A: Preparation of N-benzyi n'-<1 ,1 -dimethyiethgxycaftx)nyl)'S(S)-aniino-4<SH1 '.1 '-dimethylethyM .1- 
10 5ifnethylsnyfoxy)^-pheny«^ amide. 

n'-(1 .l-DimethylethoxycartXDnyl)-5{S)-amino-4{SH1 ^ '-dimethytethyH ,1 -dimethylsilyloxy)-6-phenyl-2- 
(RHPhenylmethyOhexanoic add from step A in Example 1. 0.183 g. is dissolved in 10 mL of dry DMF, and 
to it is added 0.058 g of N-benzyl leucine amide hydrochloride. 0.051 g of l-hydroxybenztriazole hydrate 

T5 and 0.069 of 1-ethyl-3-(3-dimethylaminopropyl) cartwdiimide hydrochloride. Triethylamine is added to the 
stirring solution until the pH is 8.5. After stirring for 2 hours, the reaction is poured into 80 mL of water and 
extracted with 5 X 10 mL of ethyl acetate. The combined organic extracts are washed with 3 X 20 mL of 
10% ciiric add, 1 X 20 mL of water. 3 X 20 mL of a saturated aqueous solution of NaaCOa. 30 mL of brine, 
dried (NaaSO*). and the solvent removed to give the product after purification by preparative thin layer 

20 chromatography (5% methanol/chloroform). 

Step B: Preparation of N-Benzyl n'-(1 .1 -Dimethylethoxycarbonyl>-5(S)-amino^(Shhydroxy*6'phenyi-2(R)- 
(phenyinnethyl)hexanoyhLeucyl amide. 

25 

The product from Step A, Example 2, 0.1 g, is placed in a flask and to it is added 2 mL of a 1 M 
solution of tetrabutylammonium fluoride in THF. After stirring for 2 hours, the solvent is removed in vacuo , 
and the residue Is taken up in 50 mL of 10% methanol/chloroform and passed through a pad of silica gel. 
The solvent is removed in ' vacuo , and the remaining solid triturated with ethyl acetate. The solid is filtered 
30 through a sifica pad and hashed" with ethyl acetate. The silica gel pad is then washed with chloroform (200 
mL). The chlorofomi solutton is evaporated to yIekJ product 



EXAMPLE S 

35 

Preparation of N -(1 .1 KJimethyiethoxycarbonyl)-5(SVamino-4<S)-hydroxy'6-phenyl*2(R>-(44iydro^ 
methyl)hexan6yHeucyH>^y*a^y' amide 

40 

To a stirred solution of N'-(1.lKfimethytethoxycarbonyl>-5(S>-amino-4(SHiydroxy-^henyl-2(RH 
zyloxyphenyimethyiyhexanoyWeucyiphenylalanyl amide. 25 mg. in 10 mL of tetrahydrufuran was added a 
suspension of 10% palladium on carbon. 25 mg, in 10 mL of absolute methanol. The mixture was stirred 
under an atmosphere of hydrogen for 4 hours at room temperature, then filtered and concentrated to 
45 dryness. The residue was dissolved in 1 mL of tetrahydrofuran and 1 mL of water was added. A white solid 
precipitated which was coltected ami dried under vacuum over P2O5. The yield was 20 mg of pure product 
mp 222-223 'C(C,H,N). 



EXAMPLE 4 



Preparation of ^H?en2y^N -(1 J"dimethylethoxycart)onyl)-5(S)-amino-4<S)-hydroxy-6i3 
55 • hexanamide. Compound 111 



The lithium salt of benzyl amine was prepared by addng 0.5 mL of a 2.5 M solution of n-butyl lithium to 
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0.134 g of benzyl amine in 10 mL of dry THF at -78* C, To this was added 0.1 g of (3FI 5S, I'ShS-benzyl- 
5-(1-({l,1<limethylethoxycarbonyOamino>-2-phenylethy1Hiihydrofuran-2-{3H)-OTO (Step G of Example 1) in 5 
mL of THF, After stirring for 15 minutes, the reaction was quenched by the addition of 15 mL of 10% citric 
add, and the mixture was allowed to warm to room temperature. The volume was tripled by the addtion of 
5 ethyl acetate. The organic layer was Separated, and the aqueous phase was washed with ethyl acetate. The 
combined organic solutions were washed with 3 x 10 mL 10% citric acid. 1 x 20 mL of saturated NaaCOs 
solution, brine, and dried (Na2S0*). The solvent was removed in vactw to yield a white solid. The solid was 
recrystallized from hexane/ethyl acetate to yield 0.065 g of the product as a crystalline solid; mp 191- 
192' C. 

10 

EXAMPLES 



15 

Preparation of n'-(1 .1 -dimethylethoxycarbonylH(S)-amino-3(S>-hydfoxy'5-cyclohexylpentanoyHeucyl- 
phenytalanylamide. 

N-(1 ,1-dimethyethoxycarbonyl>-4(S)-amino-3 (S)-hydroxy-5-cyclohexylpentanoic acid (Boc-ACHPA), 
20 (0.575 g, 1^ mmol) was dissolved in 5.5 mL of dry DMF, under argon. To this well stirred mixture was 
added L-leucyl-phenylaJanine amide hydrochloride semihydrate (0.74 g, 2.18 mmol), hydroxyt>enztriazole 
hydrate (0.258 g. 1.91 mmol), ethyl 3-(dimethylamino)-propylcarl3odiimide hydrochloride (0^74 g. 1^1 
mmol), and triethylamine (0^ mL. 4.10 mmol). This mixture was stirred at room temperature for 1 hour. 
The reaction mixture was diluted with ethyl acetate (30 mL). This mixture was washed with water (3X15 
25 mL), 10% aqueous citric acid (15 mL), and brine (15 mL). Drying (f^SaaSO^), filtration, and removal of the 
solvent in vacuo gave the crude coupling product This material was chromatographed on silica gel using 
6% methanol in chloroform as eluant There was obtained 0.582 g of the title compound as a white 
crystalline solid, mp: 171-175* C. 

30 

EXAMPLES 



35 Preparation of N'-{3-{(1(R)-Benzyloxycafbonylammo-2'phenylethyl)phosphinyl}-2(R)-phenylmetiiyl 
propanoylhteucyl-phenylalanylamide, and N -[3-{{1(R)-Ben2yloxycart)onyiamlno-2'phenylethyl)phosphinylh2- 
(S>-phenyimethyipropanoyl}-leucyt-phenylaianytamide. 



^ Step A: Preparation of MettiyH(RH)enzytoxycarbonylamino-2-phenylethylphosphinate. 

A 10% solution of trimethyfsilyldiazomethane in pentane was added dropwise to a solution of 0.730 g of 
1(R)-benzy1oxycart>onylanuno-2-f:^nylethyl phosphonous add in a mixture of benzene (35 mL)/nnetiianol (5 
mL) until a pale yellow cotor persisted in the stirred reaction solution. After one hour at 0* tiie solution was 
45 concentrated and the residue chronutographed over sinca gel. etuting with methylene 
chloride/acetone/metfianol (18:1:1), to afford 0.400 g of pure methyl ester. 



Step B: Preparation of Methyl-1(R)43enzyloxycarix)nylamino-2--phenylettiyK2(fiS>-cartx)metiTOxy'3i3heny 
so 1 -propy Qphosphinate. 

The product of Step A. 0.397 g. was dissolved in 5 mL of absolute metiianol and. at 0* was treated 
witfi 0£7 mL of a 2.0 M solution of sodium mettioxide in methanol under a nitrogen atmosphere. After 10 
minutes, metiiyl 2-benzyl acrylate (0^40 g) was added in one portion, the cooling bath removed, and the 
55 mixture was stinred at ambient temperature of 18 hours. The mixture was concentrated to an oil which was 
partitioned between 15 mL of 1 N hydrochloric add and 10 mL ettryl of etiiyl acetate. The layers were 
separated and the aqueous phase was extracted witii 2 X 10 mL acetate. The comtDtned organic layers 
were washed (brine) and dried (NasSOA) and tfie solvent removed to give an oil which was chromatog- 
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raphed on silica gel (flash). Elution with ethyl acetate afforded 0^64 g of the product. 

Step C: Preparation of Methy f-1 (R)-benzylO)cycartKxiy lamino-2-^nylethyl-(2(R.S)-cafbox^^ -pro- 
5 pyl)ph'osphinate. 

9 

A solution of the product of Step B. 0^64 g, in 1.5 mL of 1 ^-dimethoxyethane was treated with 0.56 
mL of a 1.0 N aqueous lithium hydroxide solution. After stirring under nitrogen for 4 hours at room 
temperature, the solvent was removed and 30 mL ice water was added to the residue. The resulting mixture 
10 was extracted with 2 X 10 mL ether/ethyl acetate mixtures, following which the aqueous phase was acidified 
to pH 4-5 using several drops of 60% acetic acid. The acidic mixture was extracted with 3 X 15 mL ethyl 
acetate and then the combined acidic organic layers were washed with water, brine, and dried (NaaSO^). 
Removal of the solvent in vacuo left the product as an oil: 0.153 g. 

ts 

Step D: Preparation of N-[3-tMethoxy1(R)-benzyloxycarbonyiamino-2'phenylethyl)phosphrnyl]-2(aS)- 
phenylmethyl propanoylhieucylphenyhalanylamide. 

The product from Step C. 0.153 g. was dissotv^d in 4 mL of dry acetonitriJe and stinted under nitrogen 
20 in an iCe bath. To the solution were added 0,119 g of l-teucyl L-phenylalanylamide hydrochloride 
hemihydrate, 0.155 g of benzotriazol-l-yloxytris (dimethylamino)phosphonium hexafluorophosphate. and 
triethyfamine to pH 8.5. After stirring at O' for 2 hours the mixture was wamied to room temiperature and 
stirred 3 hours further. 10 mL of dilute aqueous sodium chloride was added and the mixture was extracted 
with 4 X 10 mL of ethyl acetate. The combined organic extracts were washed with water, 2 N hydrochloric 
25 acid, water, saturated aqueous sodium bicartxjnate. brine, and dried (MgSO*). Removal of the solvent left 
0.164 g of a sticky solid which was a mixture of 4 major components as evidenced by thin layer 
chromatograpy (chloroform/methanol/ammonium hydroxide, 90:10:1). The mixture was flash chromatog- 
raphed. eluting with the same solvent mixture used for TLC. Eariy fractions containing an intimate mixture of 
3 components were combined and concentrated to give 66 mg of a diastereomeric mixture of the product 
00 Continued elution provided an additional 62 mg of product mixture which was predominantly a single TLC 
spot 

Step E: Preparation of ^K3-[(1(R)^Be^2ytoxycarbonyl-a^f^no-2-phe^y^ethyl)phosphiny^l-2 (S>-phenyl-methyl 
35 propauTOylpkicyiphenia^ Compound A, and N-I3-{(1(R)-Benzyloxycarbonyialmino-2-phenylethyl)- 

phosphinylh2(S)-phenylmethyl propanoyiHeucyt-phentalanyiamide. Compound B. 

A solution containing 0.066 g of the diastrereomeric mixture of Step D and 0.014 g of anhydrous nthium 
iodide in 2 mL dry tetrahydrofuran was stirred at room temperature for 7 days, during which tinr^e an 

40 additional 0.030 g of lithium iodide was added. At the end of 1 week the solvent was renrmed and the 
residue suspended in 5 mL of saturated sodium bicariMnate. The mixture was extracted with 4 x 5 mL ethyl 
acetate and the combined organic layers were concentrated. Separation of the two diastereomers was 
accomplished by preparative high pressure liquid chromatograpy using a Waters Delta Pak C-18 column, 
eluting witii a gradient of acetonitrile, 0-95% In water (0.1% trifluoroacetic add) over one hour. The fractions 

45 of retention time 4J22 minutes and that of 7.00 minutes were lyophilized separately to afford 0.013 g of 
Compound A and 0.012 g of Compound B, respectively. 

EXAfViPLE ? 

50 



Preparation of N KBen2yloxycartxmyi)-5(S>amino^4<SH1yd^oxy-6-pheny^2(RHphenylmettlyl^^ 
leucyl-phenylalanyl amkte. 

55 

Step A: Preparation of 5(S>-amino^SHt-t)utyMimethylsilytoxyh6-phenyl-2(RHphenyl) methyi)-hexanoyl- 
Leucyl^henyalanylAmlde. 
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To a cold (O'C) solution of 350 mgs. (0.468 mmol) of n'-<1 J-dimelhylethoxycartx)nyl>-5(S)-amino-4(S>- 
^t-fcutyl-dimethylsiIyloxy)-6-p^lenyl-2(R) {phenylmethyl)-hexanoyHeucyl-Phenylalanyl Amide in 10 mLs of 
methylene chloride was added 5 mLs of trifiuoroacetic acid. After 1 hour., the reaction was poured Into a 
separatory funnel containing sat'd. NaHCOa solution and washed with methylene chloride (2 X 30 mLs). The 
5 organics were dried, filtered and confcentrated to give an oiiy residue which was flashed chromatographed 
(Si02. 5% MeOH/NHs sat'd. chloroform) to give 240 mgs. of product along with 75 mgs of 5{S)-amino-4{S)- 
hydroxy-6-phenyl-2(R)-(phenyimethyl)-hexanoyl-Leucyl-PhenylaIanyl Amide. 



w Step B: Preparation of 5(S)-(BenzyloxycaftK>nyl)'amino*4(S)-hydroxy'6'phenyl-2(R)-{phenylmethyl)- 
hexanoyl'Leucyl'Phenyalanyl Amide. 

To a solution of 25 mgs. (0.038 mmol) of 5(S)-amino-4<S)-<t-Butyl-dimethylsilyloxy)-6-phenyl-2(R)- 
(phenylmethyl)-hexanoyl-Leucyl-Phenylaianyl Amide in 10 mLs of methylene chloride which contained 10 u! 

15 (0.072 mmol of triethylamine was added 10 ul (0.070 mmol) of benzyl chlorofomnate. After 3 hours the 
reaction was complete and was poured into a separatory funnel and washed with 2 X 10 mLs of 10% dtric 
acid solution. 10 mLs of said NaHCOa soltulon. and the organics were dried filtered and concentrated to 
dryness. The residue was diluted with 2 ml-s of THF and 1 mL of a 1 M solution of tetrabutylammonium 
fluoride (TBAF) was added. After 1 hour an additional 0.5 mL of TBAF was added. After 2 hours the reaction 

20 was concentrated and passed through a pad of Si02 which was eluted with 5% MeOH/CHOa to give the 
crude product This was further purified using reverse phase HPLC on a Waters C-18 column to give 12 
mgs. of the desired product mp = 207-21 0*C. 



25 EXAMPLE 8 



Assay for inhibition of Synthetic Viral Protease 

30 

Inhibition studies of tiie reaction of the synthetic protease (amino acid residues 69-167 of the pol open 
reading frame In Ratner. L et al. Nature, 313. 277 (1985) and synthesized by Merrifield sollSphase 
synthesis] with a peptide substrate (Val-Ser-Gln-Asn-Tyr-Pro-lle-Val, 2 mg/mL when the reaction is initiated) 
were in 50 mM Na acetate. pH 5.5. at 30 ' C for 1 hour. Various concentrations of inhibitor in 1.0 ul OMSO 

as were added to 36 ul of assay solution and the reaction initiated by the addition of 4 ul (1^ ug) of synthetic 
protease. The reaction was quenched with 160 ul of 12% acetic acid. Products of the reaction were 
separated by HPLC (VYDAC wide pore 5 cm C-18 reverse phase, acetonitrile gradient 0.1% tifluonjacetic 
acid). The extent of inhibition of the reaction was detenmined from the peak heights of the products. HPLC 
of the products, independentiy synthesized, provided quantitation standards and confirmation of the product 

'io composition. Compounds I, III. and IV showed an ICso of about 2 nM. about 50 nU and about 27 nM, 
respectively. 



IDCAMPLE9 

45 * 



Assay for Inhibition of Microbial Expressed Viral Protease 



Inhibition studies of tiie reaction of the protease expressed in Escherida coll with a peptide substrate 
[Vai-Ser-GIn-Asn-(betanapthyl)Ala-Pro-lle-Val, 0.5 mg/mL at the time the reaction is Initiated] were in 50 mM 
Na acetate. pH 5.5, at 30* for 1 hour. Various concentrations of inhibitor in 1.0 ul OMSO were added to 25 
ui of the peptide solution in water. The reaction is initiated by the addition of 15 ul of 0.33 nM protease 
55 (0.11 ng) in a solution of 0.133 M Na acetate pH 5.5 and 0.267% bovine serum albumin. The reaction was 
quenched witfi 160 ul of 5% phosphoric add. Products of the reaction were separated by HPLC (VYDAC 
wide pore 5 cm C-18 reverse phase, acetonitrile gradient 0.1% phosphorip add). The extent of inhibition of 
the reaction was determined from tiie peak heights of the products. HPLC of the products, independentiy 

54 



EP 0 337 714 A2 



synthesized, proved quantitation standards and confirmation of the product composition. Compounds I, II 
and III showed ICso values of about 0.6 nM. about 1.4 nM and about 120 nM, respectively. 



EXAMPLE 10 



Preparation of N-((1 R,2S,3S>-1 ,2-Dihydroxy'3-indanylhN'-(l .l^imethylethoxycarbonyl>-5(S>-amino-4(S)- 
to hydroxy-6-phenyl'2(R>-(P^^enyimethyl)hexanamide 

Step A: (1RS,2RS.3RS)3-Amino-1-bromo-2-hydroxylndan cyclic carbamate 

IS A mixture of 2.5 g (14.3 mmol) of the known 1-amino-2-hydroxyindan cyclic carbamate, 2.9 g (16.3 
mmol) of N-bromosuccinimide, and 100 mL of CCI* was heated at reflux for 3 hours. After cooling, the 
mixture was diluted with 100 mL of CHCb and washed with 10% Na2S03. The aqueous layer was extracted 
with CHCb, and the combined organic layers were washed with 10% Na2S03. dried over f^aaSO*. and the 
solvents removed at reduced pressure to give an oif which was chromatographed on 250 g of fine SiOa 

20 using 1:1 EtOAc-hexanes to afford 950 mg (26%) of the Step A product as a colorless solid. 

Step B: (1RS^SR.3SR)1-Acetoxy'3*amino-2'hydroxyindan cyclic carbamate 

25 A solution of 950 mg (3.7 mmol) of 1-Bromo-2-hydroxy-3-aminoindan cyclic carbamate (Step A product) 
and 1.9 g (6.3 mmol) of tetra-n-butylammonium acetate in 50 mL of DMF was heated at 80*C under for 
6 hours. The solvents were removed at reduced pressure and the residue was partitioned between CHCb 
and water. The aqueous layer was extracted twice with CHCb and the combined organic layers were 
washed with water, dried over NazSOi. and the solvents removed to give an oil which vras chromatographed 

00 on 125 g fine SiOz using ElOAc-hexanes to afford 372 mg (43%) of Step B product as a colorless solid: mp 
131-133*0, 



as 



Found: 



Anal; Calc'd for Ci zHi i NO4 



c. 


61.80; 


H. 


4.75; 


N. 


c. 


62.12; 


H. 


4.73: 


N. 



6,01. 
5.96, 



40 



45 



Step C: (1RS.2Sa3SR)3-Amino-1.2-dihydroxyindan 

To a stirred solution' of 160 mg (0.77 mmol) of 1-acetoxy-2-hydroxy-3-amiaoindan cyclic cartjamate 
(Step B product) in 12 mL of EtOH was added a solution of 705 mg (17.6 mmol) of NaOH in 5 mL of H2O. 
This mixture was heated at reflux for 3 hours, the solvents removed at reduced pressure, and ttie residue 
partitioned between brine and CHCb. and the combined organic layers were dried over f^azSO^, The 
solvents were removed to give 60 mg (47%) of Step C product as a solid. 



50 



55 



Step D: (1 R^S.3S)-N*1 .2-dihydroxy-3-indanyl)-L-phenylalanine amide 

To a stiaed solution of 422 mg (2,55 mn>oi) of 1 ,2-dihydroxy-3-aminoindan (Step C product), 746 mg 
(2.81 mmol) of Boc-l.-Ph8r?ytalanine. 539 mg (2^1 mmol) of EDC. and 380 mg (2^1 mmol) of 1- 
hydroxyljenzotriazole hydrate in 10 mL of DMF under H2 was added 783 itL (5,62 mmol) of EtaN. After 
stinring ovemcght at room temperature, the solvents were removed at reduced pressure, and the residue 
was partitioned between CHCb and 1.0 M dtric acid. The aqueous layer was extracted with CHOa and the 
combined organic layers were washed with two portions of NazCOa and dried over NaaSOA. The solvents 
were removed at reduced pressure and the residue was dissolved in 14 mL of CHaCb and treated with 7 
mL of TFA under for 0.5 hours. The solvents were removed at reduced pressure, and the residue was 
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partitioned between 2% HCI and ether. The aqueous layer was basified with 40% NaOH, extracted with 
three portions of CHCJa. dried over NaaSO* and chromatographed on 23 g fine SiOj using 223 mg (56%) of 
Step D product as a colorless solid. 

9 

5 

Step E: (1R^S.3S)-3'Amino-1>2-dihydroxyindan 

To a solution of 215 mg (0^9 mmol) of N-(1 ,2-dlhydroxy-3-indanyl) L-phenylalanine amide (Step D 
product) in 10 mL of EtOH was added a solution of 84 mg (2.1 mmol)of NaOH in 4 mL of H20. The mixture 
70 was heated at reflux tor 6 hours, the solvents removed at reduced pressure, and the residue triturated with 
8 mL of CHCb. The triturate was applied to a column of 4 g of fine Si02 using 88:12:1.2 CHCI3-CH3OH- 
NHdOH at the eluent to give 104 mg (91%) of Step E product as a coloriess sofid. 



;s 



20 



25 



30 



Step R N-((1 R^S.3S)'1 ^-Dihydroxy-3-fndanyl)-5(S)-(1 ,1-dimethylethoxycarbonylamino)-4<S)-hydroxy'6* 
phenyl-2(R>-(phenylmethyi>-hexanamide 

To a stirred solution of 58 mg (0.11 mmo!) of 5-(1,1-dimethylethoxycartx3nylamino)-4-t-butyl- 
dimethylsiIyloxy-2-{phenyln>ethyl)-6-phenyl hexanoic acid of Example 1, 21 mg (0.13 mmol) of (-)1.2- 
dihydroxy-3-aminoindan from Step E, 24 mg (0.13 mmol) of EDC, and 17 mg (0.13 mmol) of HOBT in 2 mL 
of DMF under N2 was added 36 mL (0.25 mmol) of EtsN. After stirring for 17 hours at room temperature, 
the solution was poured into cold 1.0 M citric acid and extracted with two portions of EtOAc. The two 
portions of 10% Na^COa. brine, dried over Na2S04 and tt^ solvents removed to give a residue wliich was 
dissolved in 2.0 mL of a 1.0 M solution of tetra-n-butylammonium fluoride in THF. After stirring for 18 hours 
at room temperature, itie solvents were renrwved at reduced pressure, and the residue was partitioned 
between CHCI3 and H2O. The aqueous layer was extracted with 1:9 CH3OH-CHCI3 and the combined 
organic layers were washed with H2O. dried over NajSO*. and the solvents removed to give a solid which 
was triturated with 1:4 EtsO-hexanes to afford 32 mg (52%) of the titfe compound as a coloriess solid: mp 
190-192* C (dec) 



35 



Anal. Caic'd for C33H4oN20e 



Found: 



c. 


70.69; 


H. 


7.19; 


N. 


c. 


70.50; 


H. 


7.18; 


N. 



5.00 
4.76 



40 



45 



EXAiVIPLEII 



Preparation of M-{2(R>-hydroxy-1 {S)-indanyl)-N'S-<1 .1-dimethylethoxycarbonyl>-5(S>-amino)-4(S)-hydroxy-6- 
phenyl-2(R>-{4-hydroxyphenyln^thyl) hexanamide 



Step A: Preparation of (5S.1 S)-3-carboethoxy-3-<4^n2yloxyphenylmethyt)-5H[1-(l,l-dimethylethoxycar- 
bonyl)amino)'2-phenylethyf]dihydrofufan-2-(3H>-one 



50 



55 



To a stirred solution of (5S.l's>-3-carboethoxy-5-{1-<(1 ,1 -dimethylethoxycart)onyl)amino)-7- 
phenytethyl><lihydrofuran-2-{3H)-one (product of Example 1. Step E), 2 g (5.3 mmol) in 25 mL of absolute 
ethand was added a solution of 0.13 g of sodium in 2^ mL of absolute etftianol followed by 1.30 g (5.5 
mmol) of 4-b8nzyloxyt}enzy1 chloride. The solution was heated to 50*C under nitrogen for 1 hour, then 
cooled in an ice bath and aodified with 20 mL of 10% citric add and (filuted with 200 mL of water. The 
mixture was extracted with 3 X 100 mL of ether and the combined ether extracts washed with 50 mL of 
water. 200 mL of saTd NaHCOs and dried over MgSO*. Renrwvai of solvents under reduced pressure and 
purification by low pressure chromatograpy on silica gel, eluting with 40% ether in hexanes gave 1.56 g 
(51% yield) of a clear colorless gloss essentially homogeneous by TLC (50% ether/hexanes). 
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Step 8 thru Step C: Preparation of N K1,l-dirriethyiethoxy-cartx)nyl>-5<SHmifao-4( SHl\l'<lirTiet 
TTdimethylsiiyioxyF6'pheriy<-2(RH4-befizy1oxyphenyinf^ 

Employing the procedure substantially as described in Example 1, Steps G and H. but substituting for 
the {5Sj'sV3<arboethoxy-3-phenyh7iethyl-5-{1-<1J-dimethylethoxycarbon 
dihydrofuran-2-(3HH)ne the proddct of Step A. 1.56 g. there was produced in sequence the following: 



(Step B) 

(3R.5S,1 S)-3-(4-ben2ytoxyphenylmethylh5H1-((1J-d»methylethoxycarbonyl)amino)-^^^ 
dihydrofurar>-2K3H>one. 0.52 g (38% yield) of 3R-lactone as a coloriess foam. Further elution gave 0,61 g 
of a mixture of 3S and 3R lactones. 



(Step C) 

N'^1.1Kj1methylethoxycarbonyI>5(Shamino-4(SH1^1'•<^imethyl^ 
(R)-(4-benzyloxyphenylmethyl) hexanoic acid. 0.60 g (94% yield) as a coloriess foam essentially homo- 
geneous by TLC (3% methanol/chloroform). 



Step D: Preparation of N'(2(R)-hydroxy-1(SHndanylh5(SH1>1-dimethylethoxycarbonyiaminoH(S)'hydroxy- 
6*phenyl-2(RH4-ben2yloxyphenylmethyl) hexanamide 

The product from Step C, 0.12 g, was dissolved in 2 ml dry OMF and to it was added 40 mg of HS}r 
amino-2(R)-hydroxyindane. 25 mg of l-hydroxybenzotriazole hydrate and 70 mg of dimethyl-3-<3-dimethyl 
aminopropyi)carbodiimide hydrochloride. Triethylamine was added to the stirred solution until the pH was 
a5 (32 mL). After stirring for concentrated to dryness under reduced pressure, the residue was dissolved in 
100 mL of chloroform and worked with 1 X 50 mL of 10% citric acid. 1 X 50 mL H2O. 1 X 50 mL sat'd 
NaHCOa. dried over MgSO* and concentrated to dryness. The residue was dissolved in 1 mL of 
tetrahydrofuran and added to 2 mL of 1 M tetrabutylammonium fluoride in THF. After stirring overnight at 
room temperature the reaction mixture was diluted with 10 mL of 10% citric acid and the white precipitate 
collected by filtration. The product was purified by low pressure chromatograpy on silica gel eluting witii 2% 
metiianol/CHaaz to give 85 mg of product which was essentially homogeneous by TLC (3% 
methanol/CHaCb). 



Step E: Preparation of M-(2(RHiydfOxy-1 (SHndanyl)-5(SH1 ,1'dimethyiethoxycartx)nylaminoH(S)-hydroxy- 
6^enyl-2(RH4-hydroxyphenylmettiyMiexanamide 

The product of Step D, 85 mg was dissoh^ In 10 mL of methanol and 10 mL of THF. and to it was 
added 0.10 g of 10% palladium on cartwn. The mi)cture was stirred under an atmosphere of hydrogen for 
48 hours at room temperature, ttien filtered arid concentrated to dryness. The residue was dissolved in 10 
mL of hot ettianol and 20 mL water was added. On cooling the white solid precipitate was coOected and 
dried under vacuum over PaOs. The yield was 72 mg (98% yield) of pure product mp 218-219 C 
(effervesces, sinters at 215) 



elemental analysis. Calc'd for CaaHAoNaOe: 
(560^): 



Found: 



c. 


70£9; 


H. 


7.19: 


N. 


c. 


70.62; 


H. 


7.39; 


N. 



5,00; 
4.79. 



Step F: Resolution of 1 -Amino-2'hydroxy indan 
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From the known racemic 1 •afnino-2-hydroxyindan, the resolution was carried out as descril)8d for the 3- 
amino-1 ^-dihydroxyindan above. The (1S,2R)-1-amino-2-hydroxyindan resurting from saponification of the 
higher Rf diastereomer was shown to have an a© of -58* (c = 1.0, CHCI3). The <1R,2S>-l-aniino-2- 
hydroxyindan resulting from saponification of the lower R| diastereomer was found to have an ao of + 62* 

5 (c = i.a CHaa). ^ 



EXAf^PLE 12 

w 

Preparation of N-(2(RHiydroxy'1 (SHndanyl>-5(SH(1 «1 <limethylethoxycarbonyl)aminol-4(S)-hydroxy-6-(4- 
hydroxyphenyl)-2(R)*phenyimethylhexanamide 

15 

Step A: Preparation of N-methoxy-N-methyl-N'-2(SH(1 ■ 1 ■dimethylethoxycarbony l)anriino]-3-<4-ben2yiox- 
yphenyOpropionamide 



To a stirred solution of N.O-dimethylhydroxyteniine hydrochloride (15.8 g, 162 mol) in 120 mL dry 

20 methylene chloride cooled to 0*C in an ice/water bath and under nitrogen was added N-methylplperidine 
(19.7 rh Li 162 mmol) such that the temperature of the reaction remained below 2* C, The clear solution was 
stored at 0 * C until needed. 

To a stin-ed solution of N-Boc-O-benzyl-L-tyrosine (50.0 g, 135 mnru3l) in 800 mL dry methylene chloride 
ahd 200 mL dry tetrahydrofuran cooled to -20* C in a dry ice/isopropanol/water Ijath and under nitrogen was 

25 added rapidly N-methylpiperidine (19.7 mU 162 mmol). The solution was allowed to warm to -12*C and 
isobutyl chlorofomtate (21.1 mL 162 mmol) was added rapidly such that the temperature of the reaction 
remained between -12* C and -8*C. After addition was complete the reaction was stirred at 0*C for 30 
minutes then the previously prepared solution of N.O-<fimethylhydroxylamine hydrochloride and N-methyl- 
piperidine in methylene chloride was added in one portion. The reaction was allowed to warm to 25 *C 

30 where it was stin^ for 15 hours. After cooling to 0° C in an tee/water bath the reaction was washed with 
10% citric acid (2 X 200 mL) and brine (1 X 200 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated to give 60.2 g tan soGd. Crude product was dissolved in ethyl acetate and filtered through a 
pad of siGca gel (230^400 mesh, 400 g in a 2 I sintered glass funneO- The pad was rinsed with 3 I ethyl 
acetate and the filtrate was concentrated to give Step A product,N-methoxy-N-methyl-N'-2(S>-[(1,1- 

35 dimethylethoxycart>onyl)aminoh3-(4-benzyloxyphenyl)propionamide (51^ g, 92.8% yield), as a white fluffy 
solid, mp = 107-108* C; 



elemental analysis, Calcd for CaaHaoE^Os (414.50): 



40 



FouTKl: 



c. 


66^5; 


H. 


7.30: 


N. 


c. 


66j68: 


H. 


7.13: 


N. 



6.76; 

6.64; [alo® = 5.6* (c = 1.7. methanol). 



Step B: Preparation of N-2(S)-[(1,1-dimethytethoxycartx)nyl)aminoh3-(4-ben2ytoxyphenyl)prop 

To a suspension of lithium aluminum hydride {222 g, 58.0 mniK)I) in 200 mL dry diethyl ether cooled to 
-40* C in a dry ice/isofmpanol bath and under nitrogen was added dropwise a solution of Step A product 

^ N-methoxy-N-n>ethyl-w'-2(S)-((1 ,1-dniethylethoxycartMnyl)amlnoh3^4-benzylO)cyphenyl)pro pionamide 
(20.5 g, 49.5 mmol), such that the temperature off the reaction remained between -36* C and -38* C. After 
addition was complete the reaction was warmed to 7*C, then cooled to -35* C and quenched by the 
addition of 40 mL 2,75 M potassium bisulfate. After wamning to 25* C and stimng for 1 hour the mixture was 
fHtered through a pad of Cellte" with diethyl ether rinse. The filtrate was washed with 10% citric add (3 X 

^ 100 mL); water (1 X 100 mL), diluted NaHCOa (2 X 100 mL), and brine (1 X 100 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give Step B product N-2(S)-[(1,1 -dimethylethoxycarbonyl)- 
aminoh3-(4-benzyloxyphenyl)pro poonaldehyde (17.76 g, quantitative yield), as a white solid, mp = 98- 
99' C. [ag* = 27.4* (c = 1.6, methanol). 
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Step C Thru Step J: Preparation of n''<1 J<fifnethyiethoxycarbonylh5(S)-amino-4{SHl'.l''<J'^ 
1 .1 Kjimethytsilyioxy)^4-ben2yioxyphen acid 

Employing the procedure substantially as described in Example 1, Steps A through J but substituting 
5 for the N-2(SH(1.1-dinielhylethoxycarbcnyl)aminoh3-phenyl propionaidehyde the product of Step B. 13.4 g. 
there was produced in sequence^ the following: 



(Step C Thru Step E) 



10 



N-3{SH(1.1-Dimethylethoxycarbonyl)aminoH-(4-ben2yloxypenyl)-1-butene (9.9 g. 74% yield) mp ay- 



s' C. 



;5 



elemental analysis, Calcd, for C22Hz7N03 (353467): 



Found: 



c. 


74.76: 


H, 


7.70: 


N. 


3.96. 


c. 


74.85 


H. 


7.69: 


N, 


3.93. [ah^ = 



20 



25 



(Step F) 

l(R)-{l'(S)-{l\l'-dimethyletho)cycarbonyiamino-2-(4-ben2yloxyphenyl)ethyl]^^^ as an oil (77% yield) 
homogeneous by thin layer chromatography (silica gel. 25% ethyl acetate/hexanes). 



30 



(Step G) 

(5S.1 'S)-3-carboethoxy-5-(1 -((1 ',1 '-dimethylethoxycarbonyI)amino>-2-{4-ben2yloxyphenyl)-ethy!)- 
dihydrofuran-2-<3H)-one (79% yield) as a white solid, mp 117-119* C 



analysis. Calc'd for C27H33NO7 (483.567): 



35 





c. 


67.06; 


H. 


6.88; 


N. 


Found: 


c. 


66.94: 


H. 


6.96; 


N. 



2^0. 



251.[alo2s = -ii^\(c = 131, methanol). 



40 (Step H) 

(5S,l'S)-3Karboethoxy-3-phenylmethyl-541-((1,1-diTnethylethoxycar^ 
benzyloxymethyl)ethyl]dihydrofuran-(3H)-one. (97% yield) as a dear glass which was essentially homo- 
geneous by TLC (50% diethylether/hexar^es), 

45 

Step! 

(3R.5ai 'Sh3-benzyl-5-IH(1 ,1 -dimethyiethoxycarbonyl)amino)-2-<4-b8nzyloxy^ . 
so dihydrofuran-2-(3H)-one, (38% yield) as a clear glass which was homogeneous by TLC (50% diethyl 
ether/hexane). The latter fractions of the chromatograpy gave 40% of a mixture of the 3S and 3R lactones. 



(Step J) 

55 ^ 

N'-<1,lKJimethylethaKycaftonyl)-5(Shamino-4(S)-(l\l'-dimethylet^ 
benzytoxyphenyi)-2(RHphenylmethy()-hexanoic ackJ, 94% yield, as a coiortess foam. 
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Step K Thm Step L Preparation of N-<2(RHiydroxy'1 (S>-indanyl)-5(SH(1 ^ -dtmethylethoxycarbcnyQafnino}- 
4(S>-hydroxy-6-{4-tTydroxyphenyi)^(RHphenylmethyO hexanamide 

Err.ploying the procedure substantially as described in Examples I, Steps 0 through E, but substituting 
for the N -(1 J-dimethylethoxycarboftyl)-5{Sharnlno-4{SH1 .1 <fi'iriethylethyl-1 jKfime 
2fRH4-ben2yloxyphenylmethyl)hexanoic acid the product of Step J, 0.350 g, there was produced in 
sequence, the following: 



(Step K) 

N-{2(R)-hydroxy- 1 (S)-i ndany l)-5(SH 1 . 1 -dimethy lethoxycartx>ny l)aminoH(S)-hydroxy-6-(4- 
t)en2yloxyphenyl)-2(RHphenylmethyl) hexanamide. 343 mg (96% yield), as a white solid which was 
essentially homogeneous by TLC (3% methane l/CHjCb). 



(Step L) 

N-(2(R}-hydroxy-1 (S)-indanyl)-5{S)-{1 ,1 -dimethylethoxycarbonylaminoH(S>-hydroxy-6-{4- 
hydroxyphenyl)-2(RHphenylmethyl) hexanamide, 280 mg {92% yield) of pure product: mp 210-211 'C 
(effen/escent) 



elemental analysis, Calc'd tor C33H40N2OG (560.696): 



c. 


70.69: 


H. 


7.19; 


N. 


5.00, 


c. 


70.62: 


H. 


7.39; 


N. 


4.79. 



EXAMPLE 13 



Preparation of N-<2(R)-hydroxy-1 (SHndanyl)-5(SH1 J ■dinhethyiethoxycart^ybmino)-4(S)-hydroxy-6'(4- 
hydroxyphenyl)-2(R)-<44iydroxyphenyimethyl)hexanamide 

Employing the procedure substantially as descnt>ed in Example 12, Steps H through U but substituting 
for the (5S.1sV3-carboethoxy-^1-((l'.1 -dimethylethoxycarbonyl)amino)-2-phenylethyldihydrofuran-2-(3H)- 
one the product of Example 12, Step G. 1.80 g. there was obtained in sequence the following (Step A 
through E). 



(Step A) 

(5S,1S )-3-cartx>ethoKy-3-(4-ben2ylo)cyphenylmethyl)-5-{1-((1 .1-dimethytethoxycart)onyl>amino)-2-{4- 
benzyloxyphenyl)ethyl}-dihydrofuran-2-(3H>-one. 1.17 g (67% yield) as a clear resin essentially homo- 
geneous by TLC (50% ether/hexanes). 



(Step B) 

(3a5S.l 'S)-3-<4-benzyloxyphenyimethyI)-5-{1 -((1 ,1 -dimethylethoxycarbonyl)amino>-2-(4- 
benzytoxyphenyt)ethyl}<jihydrofuran-2-(3H>-one, 0.65 g (65% yield) as a clear resin which was essentially 
homogeneous by TLC (25% ethyl acetate/hexanes). The latter fractions of the chrtvnatography gave a 30% 
yield of the 35 lactone. 



(Step C) 
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N ^1 .1-dimethylethoxycarbonyl)-5(Shamino-4{SHl'.'' '-<limethyiethyl-1 ,1-dimethylsilyloxy)-6-{4- 
ben2y!oxyphenyl)-2{RH4-benzytoxyphenylmethyl)-hexanoic add, 0.80 g (quantitative yield) as a colorless 
foam, essentially homogeneous by TLC (5% methanol/CHCb). 



(Step D) ^ 

N-{2(R>-hydroxy-1(S)-indanyl-5(SHl.1-dimethylemoxycarbonyl)aminoH<Shhydroxy^ 
ben2yloxyphenyl)-2(RH4-benzyloxyphenylmethyl) hexanamide. 256 mg (95% yield) as a white solid, 
essentially homogeneous by TLC (2% methano!/CH2Cl2). 

(Step E) 

N-(2(R)-hydroxy-1 (S)-indanyl)-5(S)-(l . 1 -dimethylethoxycarbonylamino)-4(S)-hydroxy-6-(4- 
hydroxyphenyl)-2(R)-(4-hydroxyphenylmethyl) hexanamide hydrate. 196 mg (quantitative yield) as a white 
solid: mp 203-4 * C (effervescents sinters at 185* C), 



elemental analysis, calc'd for C3 3 H^oNz 07^0.75 HaO 

(530^7): 





c. 


67.15: 


H. 


6.91: 


N. 


4.74. 


Found: 


C. 


66.96: 


H. 


6.68: 


N, 


4.64. 



EXAMPLE 14 



Preparation of n'-<1 ,1 njimethy lethoxycarfaonyf)-5(S)-ammo-3(S),4{R)-dihydroxy-2(fl)Kphenylmethyi>^ 
phenyl-hexanoyileucyl'phenyialanyl amide 

Step A: Preparation of 4(S)^(1 jKiimethylethoxycartx)nyf)aminol-3(S)-hydroxy-5-phenyl-1-pentene 

To a stirred solution of 80 mL of commercial 1 M zinc chloride in ether and 200 mL of dry 
tetrahydrofuran cooled to 0*C was added dropwise 120 mL of a commercial 1 M solution of vinylmag- 
nesium bromide in tetrahydrofuran. The mixUffe was cooled to -30" C and a solution of 10.0 g, 40.1 mmol) 
of N-2(SH1.1-dimethylethoxycarbonyl)aminoJ-3-phenyl propionakJehyde in 200 mL of dry tetrahydrofuran 
was added slowly over 15 minutes, keeping the intemaJ temperature at -30 2: 5 "C. The reaction was 
allowed to warm to room temperature and stir for 90 minutes, then quenched by addition at 500 mL of 10% 
aqueous citric add and extracted into 1 L of (fiethyl ether. The ether extracts were dried over anhydrous 
magnesium sulfate, filtered and concentrated to give a white solid. Crude product was purified by hjw 
pressure chromatography (silica gel 230^400 mesh, 8 X 18 cm column; ethyl acetateiiexanes; 15%:85%) to 
yieW Step A product 4{S)H{1,lKJimethylethoxycartDony!)aminoh3(S)-hydroxy-5-ph8nyl-1-^^ (6.7 g, 
60% yield), as a whHe crystaUme solid. Further elution gave 1.0 g of tiie 4{S)-hydroxy Isomer. 

Step B: Preparation of 4<SH(1 >1 -dimettiylethoxycartx?nyl)aminol-3(SHbenzyloxymethyl)oxy-5-pheny H -psn- 
tene 

The product from Step A. 1 .62 g (5.8 mnrwl) was dissolved !n 50 mL of methylene chlorkje and to it was 
added 5.1 mL of N.N-diisopropylethylamine and 5.1 mL of technical grade benzyk:hloromethyt etiier. After 
stining for 10 days at room temperature, the mixture was diluted with 150 mL of methylene chtoride arid 
washed with 100 mL of 10% citric add, dried over MgSO* and concentrated to an oil. Crude product was 
purified by low pressure chromatography (silica gel 230-400 mesh, 8 X 18 cm column: diethyl 
etherhexanes; 15%:85%) to yield of Step B product 4(S)-{(1.1-dimethylethoxycarbonyl)aniinoh3(S)- 



61 



EP 0 337 714 A2 

(benzyloxymethyl>-oxy-5-pheny!-1-pentene (2,0 g. 87%), as a white crystalline solid, mp 56-8' C; 



elemental analysis, Caic'd for C22H31NO4 (397.518): 



Found; 



c. 


72.52; 




7.86: 


N. 


3.52. 


c. 


72.36; 


H. 


7S7\ 


N. 


3.41. (a]o= = £ 16.25 (C = 1.7. methanol). 



Step C: Preparation of 3(S>-[(1.1-dimethylethoxycarbonyi)amlnol-2(S)'<ben2yloxynnethyl)oxy'4'phenyl- 
propionaldehyde 

The product from Step B. 0.60 g, was dissolved in 12 mL of methylene chloride and 6 mL of methanol 
containing 0.125 g of sodium bicarbonate as a suspension. The mixture was cooled to -78* C and a stream 
of ozone was bubbled in until the blue color persisted (ca 15 min). The mixture was purged with nitrogen 
and 1 mL of dimethyl sulfide was added. After wanming to room temperature 100 mg of zinc dust and 0.18 
mL of glacial acetic acid were added. After 1 hour stirring, the mixture was filtered, diluted with 50 mL of 
methylene chloride, washed with 1 X 20 mL sat'd NaHCOa, dried over MgSO^ and concentrated to yield 
crude Step C product, 3(Sh[(1,1-dimethylethoxycarbonyl)amino]2(S)-(benzyloxymethyl)oxy-4-phenyl pro- 
pionakJehyde (0.60 g), as a clear resin. The crude product was homogeneous by thin-layer chromatography 
(silica gel; diethyl ether:hexanes; 25%;75%). 



Step D: Preparation of ethyl (2a3R.4R.5S), (2S,3R.4a5S).(2S.3S.4R,5S) and (2R,3S,4R.5S)-5K(1,1- 
dimethyi-ethoxycarbonyl)amino]-3-hydroxy'4*(benzyloxymethyl)-oxy-6-phenyl-2-<phenylmethyl) hexanoate 

To a stirred solution of 0.60 mL of diisopropylamine in 5 mL of dry tetrahydrofuran cooled to -78* C was 
added 2i) mL of 1.6 M n-butyliithum in hexanes. After 5 minutes, a solution of ethyl dihydrodnnamate (0.46 
g, 2.7 mmote) in 2 mL tetrahydrofuran was added dropwise over 5 minutes. After an addltionai 5 minutes at 
-78* C, a solution of the crude product of Step C. 0.60 g (1.5 mmol), in 5 mL of dry tetrahydrofuran was 
added. The reaction mixture was allowed to warm to *40* C for 15 minutes, then quenched with 20 mL of 
10% citric acid and extracted into 3 X 50 mL of diethyl ether. The combined organic extracts were washed 
1 X 50 mL of Kb O, 1 X 50 mL safd NaHCOg, dried over MgSO^ and concentrated to give a colorless oil. 
The crude product was taken up tn 5 mL of ethanol and 20 mg of NaBKU was added. After 5 minutes the 
mixture was concentrated to dryness, diluted with 10 mL of 10% citric add and extracted with 3 X 50 mL 
ethyl acetate. The combined organic extracts were washed 1 X 50 mL sat'd NaHCOa. dried over MgSOiv. 
and concentrated to gh^e an oil. Purification by medium pressure chromatography (silica gel E Merck 
LobarTM size C cdumn), elutng with 15% ethyl acetate/hexanes gave first the (2R3R,4R,5S) and 
(2S,3R,4R.5S) isomers, 0.14 g. as an inseparable mixture, then secondly 0.13 g of the (2S.3S»4R.5S) 
isomer. The latter fractions contained 0.19 g of ethyl (2R,3S,4R,5S)-5^(1,1-dimettlylethoxycarbonyl)-amino^ 
3-hydroxy-4-(benzyloxymethyI)oxy-6-phenyl-2-<phenylmethyl)hexanoate as a dear resin. 



Step E: Preparation of 5(S)^(1 J'diffiethytethoxycarfaonyl)arninoh3(S)-hydroxy-4<R)-{ben2yloxymethyl)oxy-^ 
phenyl-2-(phenyimethy1) hex^otc add 

The (2R«3S.4R,5S) product of Step 0. 0.19 g, was dissolved in 4 mL of 1 ,2-dimethoxyethane, and to it 
was added 4 mL of 1 M lithium hydroxide. The mixture was heated to 40*" C for 30 minutes, allowed to cool 
to room temperature, then addified with 10 mL 10% citric add and extracted with 3 X 50 mL of diethyl 
ether. The combined organic extracts were dried over MgSO^ and concentrated to give 0.18 g of crude 
cartMxylk: add which was homogeneous by thin layer chromatography (silica gel plate; metha- 
nokchloroform; 5%:95%). 

Step F: Preparation of n'-(1 ,1 -dimetfTy let^loxycart)ony l>'5(S)-amino*3(S>-hydroxy-4(R>^nzy loxymethy l)o^^ 
6'phenyl-2-<phenylmethyl) hexanoyi leucyl*phenylalanyl amide 



The product of Step E. 0.18 g, was dissolved in 4 mL of dry OMR. arKJ to it was added 0.13 g of 
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leucinyhpHenylaianyl amide hydrochloride hemihydrate. 0.046 g of l-hydroxybenzotriazote hydrate and 
0.095 g of dimethyl-3-(3<iimethylaminopropyi)carbodiimid0 hydrochloride. Triethylamine. 92 mU was added 
and the mixture allowed to stir at room temperature for 24 hours, then diluted with 50 mL of 10% citric acid 
and extracted with 3 X 50 mL of ethyl acetate. The combined organic extracts were washed with 70 mL of 
water. 50 mL of safd NaHCOa. dried over MgSO* and concentrated to give 0.2 g of crude product 
purification by low pressure chroAiatography on silica gel, eluting with 5% methanol/chloroform gave 0.12 g 
of a clear resin. 

Step G: Preparation of n'-<1 ,1 -dimethylethoxycarbony l>-5(S)'amino-3(S),4(Rhdihydroxy'6-phenyl-2(R)' 
(phenylmethyl) hexanoyi ieucyl phenylaianyl amide 

The product from Step H, 0.12 g, was dissolved in 20 mL of absolute ethanol. and to it was added 100 
mg of 10% palladium on carbon and 5 mL of glacial acetic add. The mixture was stirred under an 
atmosphere of hydrogen for 5 days at room temperature, then filtered and concentrated to dryness. The 
residue was dissolved in 1 mL of tetrahydrofuran and 1 mL of water was added. A white solid was collected 
and dried under vacuum over PaOs. The yield was 0.040 g of product, mp 231-232* (C.H.N). 



EXAMPLE 15 



Preparation of N'<3(S>-hydroxy'4(S)-benzopyranyl)-N'-(1 .1 -dimethylethoxycari3onyl)-5(S>-amino-4(S>- 
hydroxy-6*phenyF2(RHpHenylmethyt) hexanamide 



Step A: Preparation of tetrahydrD-2H-ben2opyrano-(4,3)oxa20le 

A mature of 0.138 g of silver cyanate and 0^8 g of iodine in 5 mL of ether were stin-ed al^room 
temperature for 1 hour. The reaction mixture was then cooled (ice-water bath) and a solution of 0.116 g of 
3-chromene in 1 mL of ether was added dropwise. The suspension was stirred vigorously at room 
temperature for about 4 hours and the precipitated sliver salts filtered off. Methanol (5 mL) and a few drops 
of a solution of Bthium methoxide in methanol, were added to the filtrate and the mixture stin-ed at room 
temperature for 12 hours. Solvents were then evaporated, and the residue redissolved in a small volume of 
ether, washed with water, dried over anhydrous NaaSO*. and evaporated to fumish iodo-cart)amate. The 
crude iodo-cart)amate was dissolved in 2.5 mL of diglyme and heated to 160* C for 12 hours. After 
evaporation of solvent, the residue was chromatographed over silica gel (50% ethyl acetate-hexane as 
eluent) to give the Step A product 



Step B: Preparation of Cis-4-aminochrDman-3-ol, also known as (ds) 3-hydroxy-4-amino-benzopyran 

The oxazole from Step A was dissolved in 1 mL of methanol and 2 mL of 1 N methanoOc potassium 
hydroxide was added. The resulting mixture was heated to 40* C for 12 hours. After tills period, methanol 
was evaporated, and the residue diluted with water, and extracted thoroughly with a mbcture (3:1) of 
chloroform-ether (3 X 10). The combined extracts were dried over anhydrous NazSO* and evaporated to 
afford the Step B amino-chromanol product which was used directly without hjrther purification. 

Step C: Preparation of N-(3(S>-hydroxy4(S)-toen2opyranyl)-iva'-(1 .1 -cBmethylethoxycarbonyl)-5(S)-amino-4- 
(SH1 ,l''dimethyietiiyH.1-dimethylsilyloxy)^henyl-2(R)-S(phenylmetiiyl) hexanamide 

n'-(1 .1 ^tmethylethoxycarbcnyl)-5(S>-amina-4<S)-<1 ' .1 '-dimetfiylethylrl ,1 -dimettiylsilyloxy)-6-phenyI-2- 
(RHphenylmethyl)hexanotc add of Example 1. Step H, 0.054 g, was dissolved in 1.5 mL of dry OMF, and 
to it was added 0.020 g of 1-hydroxybenztriazole hydrate, 0.029 g of 1-etiiyl-3-(3-dimethylaminopropyl) 
cartwdnmide hydrochtoride and 0.018 g of ds-3-hydroxy-4-amino-benzopyran (racemic). Triethylamine was 
added to ttie stirring solution until the pH is 8.5. After stinring for 12 hours at room temperature, the reaction 
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was poured into 10 mL of water and extracted with 3 X 15 mL of ethyl acetate. The combined organic 
extracts were washed with 10% citric acid, water, satirated aqueous NaHCOs solution and dried over 
anhydrous Na2S04. Evaporation of the solvent gave a residue of a mixture of diastereomers which were 
separated by chromatography over silica gel (50% ethyl acetate/hexanes) to afford the pure isomers as 
colorless oils. ^ 

Step D: Preparation of n-(3(SHiydroxy-4{S)-benzopyranyl)-N'-(1,1-dimethylethoxycarfaonyl)-5(S)-amino-4(S)- 
hydroxy-6'phenyl-2(RHphenylmethyl) hexanamide 

The bottom diastereomer {60% ethyl acetate-hexane) from Step C (0.022 g). was placed in a flask and 
to it was added 0.3 mL of a 1 M solution of tetrabutylammonium fluoride in THF. After stining for 12 hours 
at room temperature, the solvent was removed in vacuo , and the residue was extracted with ethyl acetate (2 
X 15 mL). The combined extracts were washed sequentially with Ixine and water and dried over anhydrous 
NaaSOA. Evaporation of the solvent gave a residue which was chromatographed over silica gel to afford the 
product as a white solid. 



EXAMPLE 16 



Preparation of N'(2.3-dihydroxypropyi>-N''<1 .1-dimethylethoxycarbonyl)-5(S>-amino-4(S)-hydroxy'6-phenyl-2- 
(RHphenylmethyO hexanoyi valyl amide 



Step A: Preparationof N'-(1.1-dimethylethoxycarbonyl)valyMM'(23'dihydroxypropyl)amide 

N'-(1,1-dimethylethoxycarbonyl)valine, 4^4 g, was dissolved in 100 mL of dry DMF, and to it was 
added 1^ g of 1-amino-2,3-dihydroxypropane. 3.82 g of 1-ethy1-3-(3-dimethylaminopropyO carbodiimide 
hydrochloride, and 2.7 g of 1-hydroxyt)enztriazole hydrate. Triethylamine was then added until the pH was 
as. The reaction was stinred for 2 hours, after which time it was poured into 500 mL of water and extracted 
with 3 X 200 mL ethyl acetate. The organlcs were combined and extracted with 3 X 50 mL 10% citric acid. 
1 X 50 mL water, 1 X 50 mL of a saturated aqueous solution of NaaCOa, 1 X 50 mL brine, dried {Na2S0*), 
and the solvent removed to give the Step A product without need for further purification. 

Step B: Preparation of M'-<1,lKjimethylethoxycarbonyl)-5(S)-amino-4(SHl' ,1 '-dimethylethyl-1 .1 -dimethyl- 
silytoxy)-6-phenyl-2(RHphenylmethyl)hexanoylvalyl-N-<2.3Klihydroxypropyl)^ . 

The Step A product, N'-{1,lKliniethylethoxycarbonyl)valyl-S^2,3-dihydroxypropyl)amide, .029 g. was 
dissolved In 10 mL of ethyl acetate and cooled to 0*C with an ice bath. HCI gas was then bubbled through 
the solution for 10 mkiutes after which time the solvent was removed. The residue was dissolved In 10 mL 
diy OiVIF. and reacted as In Step H above using .05 g N'-(1.1-dlmethylethoxycartxinyf)-5(S)-amino-4(SHl' 
.l'-diniethyIethyM,1-dlnrTethylsiIytoxy)-6-phenyl-2(R^^ acid from Step A in Example 

1. .019 g 1^yl-3-(3-dime1hytaminopropyO cariDcdiimid© hydrochloride, and .014 g 1 -hydroxy benztriazote 
hydrate at a pH of 8.5 to give the Step B product which was purified by preparative thin layer 
chromatography (10% methanol/chtoroform saturated with amnr>onia). 



Step C: Prepaation of N'-<1.1-dimethytethoxycartx)nyi)-5(S)-amin<>^S)-hydroxy-6i^ 
(phenyimethyl>-hexanoyWaiyMM-(2,3-dihydroxypropyi)amtde 

The product from Step B, .047 g, was treated with 1 mL of a 1 M solution of tetrabutylammonium 
fluoride in THF in a similar manner as Step B. Example 2 to gwe .023 g of the product (M.P. = 170-171 
O' C) after purification by preparative thin layer chromatography (10% methanol/methylene chloride). 



64 



EP 0 337 714 A2 



EXAMPLE 17 



Preparation of N-<Methy hS-amino-^eoxy-jS-D-fibosy i)-N'-(1 , 1 *dimethy letfioxy carbonyl)-5(S)'amino>4(S>- 
hydroxy-6-phe7ryl'2(RHP^enylmeaiyl)hexahoyl vaJyl amide 

Step A; Preparation of Methyl'S-amino-S-deoxy/g-Oribosylvaiamide 

To a stin-ed solution of 0.50 g og N'-<1.1-dimethytethoxycart)onyl)-valine-hydroxy succinimlde ester in 
10 mL of DMF was added a solution of 0.808 g of methyl-5-amino-5-<Jeoxy-2.3.O-isopropylidene-;?-D-ribos0 
in 2 mL of DMF. After stirring the resulting mixture at room temperature for 12 liours. the solvent was 
removed in vacuo, and the residue diluted with 10 mL of brine and extracted with ethyl acetate (3 X 10). 
The combined extracts were dried over anhydrous NasSOi and evaporated. The residue was chromatog- 
raphed over silica gel (50% ethyl acetate-hexane) to give methyl-5-amino-5-deoxy-2,3,0-isopropylidene-)3- 
0-ribosy^N'^1.1-dimethylethoxycarbonyl) valamide. To a solution of 0.316 g of the above valamlde in 5 mL 
of ethyl acetate-methanol (1:1) at -25* C. anhydrous hydrochloric gas was passed for 6 minutes. The 
resulting solution was stirred at that temperature for 2 hours and then nitrogen gas bubbled through. 
Evaporation of the sotvent gave a residue which was washed with ether <2x) and dried under vacuum to 
give the Step A product amine hydrochloride salt as a white solid. 

Step B: Preparation of N-(Methyl-5-amiTW-5<leoxy'/3*D-ribosyi)-N'-<1 J-dimethylethoxycart^^ 
4<SH1 >1 -dimethylethyHJ timothy lsilyloxy)^-phenyh2(RHP^nylmethyl)-hexanoyl-vaiy I amide 

n'-(1 ,1-dimethyiethoxycarbonyl>-5{S)-amino-4(SH1 ' .1 '-dimethylethyH .1 -dimethylsilyloxy)-6-phenyl-2- 
(RhKphenylmethyl) hexanoic acid.0.150 g. was dissolved in 8 mL of dry DMF, and to it was added 0.115 g 
of 1-hydroxybenztriazole hydrate. 0.163 g of 1-ethyl-3-(3-dinDethylaminopropyl) carbodilmide hydrochloride 
and 0.235 g of Step A product methyl-5-amino-5-deoxy-iS-0-ribosyl-vaiamide. Triethylamine was added to 
the stirring solution until the pH was 8.5. After stirring for 12 hours at room temperature, the reaction was 
poured into 10 mL of water and extracted with 3 X 15 mL of ethyi acetate. The combined organic extracts 
were washed with 10% citric add. water, saturated aqueous NaHCOa solution and dried over anhydrous 
NasSO*. Evaporation of the soh^ent gave a residue which was flash chromatographed over silica gel (5% 
methanol-chloroform) to afford the Step 8 product compound as a colorless oiL 

Step C: Preparation of i^-<Methy i-S-amino-S-deoxy-ff-O^ibosy I>-m'-(1 *1 -dimethy lethoxycarfaony l)-5(S)-amino- 
4{S>-hydroxy-6-phenyi-2(R)'(phenyinrtethyl)hexanoyt*valyl amide 

The product from the previous step 0.170 g. was placed in a flask and to it was added 2 mL of a r M 
solution of tetrabutyiammonium fluoride In THF. After stirring for 12 hours at room temperature, the solvent 
was removed in vacuo , and the residue extracted with ethyl acetate (2X15 mL). Ihe combined extracts 
were washed sequentially with brine and water and dried over anhydrous NasSO^. Evaporation of the 
solvent gave a residue which was chromatographed over silica gel to afford the product as a white solid 
(mp186-iro'C). 



EXAMPLE 18 



Preparation of N-(2(H)-hydroxy-1 (S)-indanyl)-N'-(1 .1 -dimethy iethoxycartoonyl)>5(S>-amino^)-hydroxy-6-(2- 
naphthyl)-2(R)-(phenylmethyl)hexanamkie 

Step A: Preparation of N-( ■2(RHiydroxy«1(SHndanyl)N''<1 .1-1 .1'dinrwthylethoxycarbonyl>-5(S>-amino-4<S>- 
(1 .1 -dimethyiethyH .1 Klinfiethylsilytoxy)-6K2M>aphthyh2(R)Kphenylmethyl)hexanami^ 



65 



EP 0 337 714 A2 



n'(1 j<iimethylethoxycarbonyl)-5(S}-amino-4{SH1 .r-d(methyiethyl-1,1-dimethylsiiyloxy)-6-<2-naph- 
thyl>-2(RHphenylmethyl)hexanoic acid, 0.068 g (0.118 mmol). (prepared in a similar manner as described 
for Example 1. Steps A-H but starting in Step A with N-2 (SH(1.l-dimethylethoxycarbonyi>-amino}-3-{2- 
naphthyl)propionaldehyde]. was dissolved in 2 mL of dry OMF. To this solution were added 0.025 g (0.13 

5 mmol) of EDC, 0.018 g (0.13 mmol) ^oi HOBT. and 0.023 g (0.15 mmol) of 1(S)-amlno-2(R)-hydroxyindane. 
Triethylamine was added to the stirring solution until the pH was 8.5. After stirring at 25* C for 48 hours, the 
reaction mixture was poured into 20 mL of ice water and extracted with 3 X 20 mL of ethyl acetate. The 
combined organic extracts were washed with 1 X 50 mL of 10% citric acid. 1 X 50 mL ot saturated aqueous 
sodium bicartjonate solution, and 1 X 50 mL of brine, dried (NaaSO*). RItration and concentration gave 0.08 

70 g of the product which was used without further purification. 



Step B: Preparation of N-(2(R)-hydroxy"1(S)'indanyl>-N'-(1,1'dimethylethoxycarfaonyl)'5(S)-amino-4<S)' 
hydrQxy-6-(2'naphthyl)'2(^)'(phenyimethyl)-hexanoic carboxamide 

The product from Step A, 0,08 g, was dissolved in 1 mL of THF and to it was added 1 mL of a 1 M 
solution of tetrabutylammonium fluoride in THF. After stirring for 7 hours, the solvent was removed in vacuo, 
arKj the residue was treated with 20 mL of 10% citric add solution to precipitate Step B product after 
chromatography on silica gel eluting with CHChiCHaOH, 97:3. An analytical sample was obtained by 
20 recrystallization from CHjClarhexane, mp 198-200* C; 



elementaJ analysis, Calcd. for C37H42N2C)5 (594.76): 



c = 


74.72; 


H = 


7.12; 


N = 


4.60. 


c = 


74.36; 


H = 


7.46; 


N = 


4,60. 



EXAMPLE 19 

30 



Preparation of N-{2-benzimida2olylmethyl)-N'-<1 ,1 -dimethy lethoxycarbony l)-5(S}-amino*4(S>-hydroxy«6- 
phenyl-2(R)-{phenylmethyl)-hexanoyl isoleucyl amide 

Step A: Preparation of N*(1J«dimethylethoxycarbonyOisoleucyl(sucdnimide) 

^ A 15 g (0.065 mole) quantity of Boc-isoleucine. 8.2 g of N-hydroxysuccinimide, and 13.7 g of EDC were 
dissolved in 80 mL of DMF. After stining at 25* C for 18 hours, the solution was added to 500 mL of water 
and extracted with 3 x 200 mL of ethyl acetate. The organic layers were combined, washed with 4 X 200 
mL portions of water, 200 mL of brine. arKJ dried (Na2S04). RItration and concentration in vacuo gave 20.2 
g (95%) of Step A product mp 62-64* C. 

45 

Step B: Preparation of N-(2-benzimidazolylmethyl>-N'-(1.1'dimethylethoxycarbonyl)isoleucyl amide 

The product of Step A, 4.6 g (14 mmol), was dissolved in 70 mL of 1 ,2-<jimethoxyethane, and to it were 
added 5.9 g (28 mmol) of 2-aminomethyl-benzimida2ole dihydrochloride and 7.8 mL (56 mmol) of 
triethylamine. After stirring at 25* C for 18 hours, the solvent was removed in vacuo and the residue was 
cfissotved in 250 mL of ethyl acetate. This solution was washed with 3 x 100 mL portions of water. 1(X) mL 
of brine, and dried (NaaSO*). RItration and concentration in vacuo gave 4.4 g (87%) of Step B product, after 
chromatography on silica gel (CH2Cl2:CH30H, 95:5). 

55 

Step C; Preparation of M*(2-t)en2imida20lylmethylHsoleucyi amide 

The product of Step B. 2 g (5.6 mmol), was dissolved in 50 mL of ethyl acetate and cooled to -25' C. 
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Hydrogen chloride gas was bubbled into^the solution for 0.75 hour or until TLC indicated complete reaction. 
Nitrogen was bubble into the reaction as it was left to warm to ambient temperature. Concentration in vacuo 
gave 1.6 g (86%) of Step C product. 

Step D: Preparation of N'{2-ben2imidazolylmethyl)-N''(l ,l-dimethylemoxycart>ony l)-5(S)-amino-4<SH1 * ^1 
dimethyl-TJ<limethyisilyloxy)-6-phenyl-2(R)-(^ isoleucyl amide 

n'-{1 .1 -dimethylelhoxycarbony l)-5(S)-amino-4(S)-(l ' .1 '-dimelhylethyl-1 ,1 -dimethylsilyloxy)-e-phenyl-2- 
(R)-(phenylmethyl>-hexa^oic acid, 0.50 g (0.95 mmol). was dissolved in20 ml of DMF. To this solution were 
added 0.199 g (1.04 mmol) of EDC. 0.141 g (1.04 mmol) of HOBT. and 0.38 g (1.14 mmol) of N-{2- 
benzimidazolylmethyljisoleucyl amide dihydrochloride. Triethylamine was added to the stirring solution until 
the pH was 8.5. After stirring at 25 *C for 72 hours, the reaction was poured into 100 mL of water and 
extracted with 2 X 100 mL of ethyl acetate. The combined organic extracts were washed with 3 X 50 mL 
portions of water, 50 mL of brine, and dried (NaaSOi). Concentration in vacuo gave 0.60 g (85%) of Step D 
product after purification of column chromatography on silica gel (CH2Cl2:CH20H.95:5). 



Step E: Preparation of N'(2-t>enzimida20lylmetiiyl)-N'-(l.l-dimethyletiTOxycarbonyl>-5(S>-amino-4(SV 
hydroxy^-phenyl*2(R>-(phenylmethyl)-hexanoyl isoleucyl amide 

The product from Step D, 0.60 g (0.081 mol), was dissolved in 7 mL of THF and to it was added 7 mL 
of a 1 M solution of tetrabutylammonium fluoride in THF. After stirring for 18 hours, tiie solvent was 
removed in vacuo, and the residue was treated with 100 mL of water to precipitate 0.50 g (95%) of the title 
compoundT after chromatography on silica gel (CHCIa saturated with ammoniarCHaOH, 95:5). mp 232- 
233' C. 



Elemental analysis Caicd for C38H49Ns05: 





C =^ 


69.59; 


H = 


7.53: 


N = 


10.68. 


Found: 


C = 


69.66; 


H = 


7.56: 


N = 


10.54. 



EXAMPLE 20 



Preparation of n'^I .1 <iirnetfiylethoxycarbonyl)*5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(3'-phenylpro^^^ 
1 -yl)hexanoyKS)-phenylglycyH2*hydroxyethyl)*amide 

Using the general procedure outiined in Example 1, Step F. (5S. I'S) 3-carbethoxy-5-{1-((1.1- 
dimetfiylethoxycarbonyl)amino>-2iDhenyletiiyl)dihydrofuran-2-(3H)-one (4.15 g, 11.0 mmd) was alkylated 
with dnnamyl bromide (2.17 g, 11.0 mmol) to give (5S,l'S) 3-cartDethoxy-3-(3'-phenylprop-2'-en-1 -yl)-5-{1- 
((1.1-dimethylethoxycarbonyOamino)-2-i)henytethylhdihydrofuran-2-^3^ (5.43 g). This material (5.43 g, 
11.0 mmol) was decarboxylated (Example 1, Step G) to give (3R.5S,1 S) 3-(3'phenylprop-2'-en-1 -yl)-5-(1-(- 
{lJ-cfimethytethOKycart>onyl)amino)-2i3henylethyl)dihyrofuran-^ (2.50 g). Following Example 1. 

Step H, the aforementioned lactone (2.50 g. 5.9 mmol) was hydrolyzed, silylated, and rehydrolyzed to give 
N'K1.1-<*methylethoxycart)onyl)-5(S)-amlno-4(S>-(l' .l'<flmethylettiyl-l,1-dimethyl5ilyloxy)-6-phenyl-2-(R)- 
(3'-phenylprop-2'-en-l'-yIHie)tanoic add (2.14 g). This material (0.31 g, 0.6 mmol) vyas coupled to {Sy 
phenylglydne-2-hydroxyetiTyl amide (0.14 g. 0.6 mmol) according to Example 1, Step I to give N-(1.1- 
dimethylethoxycart)onyl)-5(S)-amino-4(SMl' J '-dimethylethyi-1 .1-dimethylsilyloxyh6-phenyl-2(R)-(3 - 

phenylprop-2'-en-l'-yl-)hexanoyl (S)-phenylgycyl-2-hydroxyethyl amide (0.085 g). This silyl ether (0.085 g, 
0,12 mmol) was deprotected according to Example 1, Step J to give the titie compound (0,039 g), mp 198- 
200' C. 



EXAMPLE 21 
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Preparation of N-<1 (R),2(SHihydroxy-3(SHndanyl)-N'-(1 .1 -climethylethoxycarbonyf)'5(S)-ammo4(S)- 
hydroxy-6-phenyl'2(RH3 *phenylprop-2 -en-l -yl)-hexanamide 

According to Example 1, Step I, n'-(1 jKjimethylethoxycarbonyl)-5{S)-amlno-4(SHl' .1 -dimethyle^ 
t.1-dimethylsilytoxy)-6-phenyl-2{RH3'-phenylprop-2'en-l'-yl)hexanoic acid (0.15 g, 0.27 mmol) was coupled 
to l(R),2{S)-dihydroxy-3(S)-aminoindane (0.045 g, 0.27 mmo!) to give N'-<1.1-dimethylethoxycartx)nyl>-5(S)- 
amino-4(SHl' J-dinnethylethyl-1,1-dimettiylsilyloxy)-6i3henyl-2(R)-(3'-phenylprop-2'-en- 
^(S)-dihydroxy-3(S)-anninoindane (0.19 g). This material (0.19 g. 027 mmol) was deprotected according to 
Example 1. Step J to give the title compound, (0.11 g), mp 218-219* C. 



EXAMPLE 22 



Preparation of rH2-|Tydroxyefriyl^^ 
(phenylthlomethyi)hexanoyl-(S)-phenylglycyl amide 

According to Example 1, Step F. (5S,l'S) 3-cart>ethoxy-5-(1-<(1,1-dimethylethoxycartxDnyl)amino>-2- 
phenylethyI)dihydrofuran-2-(3H)-one (5.8 g, 15.37 mmol) was alkylated with phenyl thiomethyl chloride (2.44 
g. 15.37 mmol) to give (5S,l'S) 3-carbethoxy-3-(phenylthiomethyl)-5-(1-<(1.1-dimethylethoxycartK)nyl 
)amino)-2-phenylethyl)-dihydrofuran-2-(3H)-one (8.58 g). This material (8.58 g . 172 mmol) was decartwx- 
ylated according to Example 1. Step G, to gwe (3R,5S,l'S) 3-(phenylthiomethyl)-5-(1((1.1-dimethyiethox- 
ycarbonyl)amino)-2-phenylethyl)dihydrofuran-2-(3H)-one (1.3 g). Again, following Example 1. Step H, the 
decarboxylation product (1.3 g. 3.04 mmol) was hydrolyzed, silylated. and rehydrolyzed to give n'-{1.1- 
dtmethylethoxycacbonyl)-5(S)-amino-4{SHl' ,l'-dimethylethyf-1.1-dimethytsilyloxy)-6-phenyl-2(R)-(pho- 
nylthiomethyOhexanoic acid (0.80 g). This material (0.35 g. 0.63 mmol) was coupled to (S)-phenylglycine-2- 
hydroxyethyl amide (0.43 g, 1.87 nvrwl) according to Example 1, Step I to give N'-<1,1-dimethylethyM,1- 
dimethylsiiyIoxy)-6-phenyl-2(R>- (phenytthiomethyl)hexanoyHS)-phenylglycyl-2-hydroxyethyiamlde (0.34 g). 
This silyl ether (0.33 g, 0.45 mmol) was deprotected according to Example 1. Step J to give the title 
compound (0.01 g). mp 1 58-1 59 'C. 



EXAMPLE 23 



Preparation of N-<2(R)-hydroxy-1 (S)-fndanyl)-N'-(1 ,1-cfimethylethoxycarbonyl)-5(S)-amino-4(SH^yd^oxy-6^ 
pheny^-2(RH(4-(1 ,1 ■dtmethylethyl)phenyl)methyl)4iexanamide 

According to Example 1, Step F, (5S,l'S) 3-cart(ethoxy-5-<1-<(1.1-dimethytethoxycaftwnyl)amino)-2- 
phenytethyf)dihydrofuraf>-2-(3H>-one (228 g, 6.05 mmol) was alkytated with 4-{1,1-<finr»ethylethyi>- 
phenylmethyi bromide (1.37 g. 6.05 mmol) to give (5S,l'S) 3-carbethoxy-3-(4-(1,1-<fifnethyIethy1)- 
phenylmethyt)-5-(1 -((1 .1 Kiimethyletho3(ycarbonyI)amino)-2-^heny{dthy tHthydrofurarv>2'<3H)<^ (3,1 7 g). 
This material (3.17 g. 6.05 mmol) was decartsoxylated accordng to Example 1 , Step Q, to give (3R^S.l'S) 
3-(4-(1 .1 -dimethy lethyl)phenylmethyl>-5-<1 -<(1 , 1 -dinrie1hyiethoxycart}onyl)amino)*2i)henytethyl)dihydrofruan- 
2-(3H}-cne (0.60 g). Following Example 1. Step H, the decarboxylation product (0,60 g. 1,33*mmoO was 
hydrolyzed, silylated, and rehydrolyzed to give i^'-<1,1-dimethethoxycarix)nyl>-5(S)-amino-4(SH1-1- 
dim6thylethyi-1,lKliniethysilytoxy)-6-phenyh2(RH4K1.1*dimethylethyl)pheny^ add (022 g). 

This material (0.14 g, 024 mmol) was coupled to 1(S)-amino-2(RHiydroxyindaR8 (0X43 g, 029 mmol) 
according to Example 1, Step I, to give N'-<1.1-dimethylethoxycarbonyl)-5(S)-amino-4(S>- (l' ,l'- 
dimethylethyl-1.1-dimethylsilyloxy>-6-phenyh2(R)^4-(1.1-dimethylethyl)phenylmethyl)hexaTO 
(R)-hydroxyindane (0.172 g). This silyl ether (0.172 g. 024 mmol) was deprotected according to Example 1, 
Step J. to give the title compound (0.067 g), mp 187-189* C. 
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EXAMPLE 24 



Preparation of N-K2-befuimida2olylmethyl)-N'-<4'pyridylmethoxycarbonyl)-5(S)-amt^^ 
phenyl'2(RHph^y*niethyi)hexan^ylisoleucyi amide 

Step A: Preparation of N-<2'benzimida2ofylmethyl)-5(S)-amino*4<S)4iydroxy-6'phenyl-2(Rh(phenylmemyl^ 
hexanoyi isoleucyl amide 

N-(2-ben2imida20ly Imethy I>-n'-(1 , 1 -dimethy lethoxy carbony l)-5(S)-ami no-4(S)-hydroxy-6-pheny f-2(R)- 
(phenylmethyl>-hexanoyl isoleucy* amide, 0.08 g (0.12 mmof) was dissolved in 10 mL of CH2CI2 with stirring 
and cooring In an ice water bath under argon. To this solution was added 2 mL of trifluoroacetic add. After 
stining at o' C for 2 hours, the reaction was concentrated in vacuo , and the residue partitioned between KX) 
mL of CH2CI2 and 50 mL of saturated aqueous sodium bicartjonate solution. The organic layer was 
separated, washed wHh 50 mL of brine and dried (NaaSOi). filtered and concentrated in vacuo to give 0.065 
g (97%) of N-{24)en2imidazolymethyl)-5(S)-amino-4(SHiydroxy-6iDhenyl-2(RHphenylmethyl)-^ 
isoleucyl amide. 

Step B: N'(2-benzimidazolylmethyl>N''<4-pyridylmethoxycarbonyl)-5(S)-amino-4<S)4iydroxy^ 
(phenyimethyl)*hexanoyl isoleucyl amide 

The product from Step A, 0.065 g (0.12 mmol). and 0.185 g (0.68 mmd) of isonicotinoyi p-nitrophenyl 
cartwnate were dissolved in 6 mL of dry DMF. After stinring at 25 'C for 18 hours, the reaction was 
dissolved in 50 mL of CH2CI2. washed with 5 X 25 mL portions of 5% sodium hydroxide solution. 25 mL of 
brine, and dried (Na2S04). Fiitration and concentration in vacuo followed by chromatography on silica gel 
(CHzCbrCHaOH. 95:5) gave 0.016 g (20%) of title compound, mp 210-212* C; 



elemental analysis Calcd. for C^oHvcN^Os *0.7S H2O: 



Found: 



c = 


60.20: 


H = 


6.80: 


N = 


c = 


68.14: 


H = 


6.6^ 


N = 



11.93. 
11.81. 



EXAMPLE 25 



Preparation of Dilithium N'(2-phosphoryloxyethyl)4^'-<1,lKiimethylethoxycarbonyl)-^(S)-amino-4(S)-hydr^^^ 
6i3henyl-2(R)-(phenyimethyi)hexaf^yHeucine anoide 



Step A: Preparation of Methyt ,1 Klimethylethaxycarbonyl)-5(S>-amino-4(S)4iydroxy--6-pheny<-2(R>- 
(phenylmethyl)hexafK>yNsoteudnate 

A solution of 170 mg (0.32 mnwl) of N'-(1.1-dimethylethoxycarbonyl>-5{S>-amina-4{S)-(t^)utyldimethyl- 
silytoxy)^henyl-2(RHphenytmethyl)hexanoic add, prepared as described in Example 1. Step H, was 
dissolved in 1 mL DMF. To this solution was added 47 mg (0.35 mmol) l-hydroxytjenzotriazote hydrate, 68 
mg (0.35 mmol) dimethyl-3K3KlimethyiaminopropyO-cart3odiimide hydrochloride and 64 mg (0.35 mmoi) 
Isoleucine methyl ester hydrochloride. After 5 minutes, triethytamine (98 O-U 0.70 mmoi) was added and the 
mixture *was stirred overnight The product was partitioned between EtOAc and 10% dtric add and the 
organic phase was washed with water and brine. After drying (Na2S04), the solvent was evaporated to give 
250 mg of an oil which was purified by chromatography on silica (10% EtOAc/hexane). This material (220 
mg) was dissolved in 2 mL 1 M letrabutylammonium fluoride in THF. After stining ovemight, the mixtire was 
diluted with ether and washed with 10% dtric add. water and brine. After drying, the solvent was 
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evaporated to give 171 mg of materiaJ which was chromatographed on silica (2:1 hexane/EtOAc). There was 
obtained 153 mg of the Step A product as a white solid. 



5 Step B: Preparation of N'(2-hyflroxyethyl)-N -{1 .1 -d^methylethoxycarbony^>-5(S>-amino^4<S)-hydroxy-6- 
phenyl-2(RHp^^e^y>^lgthy^)hexanoy^-^etiCine amide 

The methyl ester obtained in Step A (0^8 mmo() was dissolved in 3 mL DME and 0.6 mL 1 N LiOH 
was added followed by 1 mL water. The mixture was stirred 1 hour at room temperature and overnight at 

w 4* C. This mixture was allowed to warm to room temperature over 2 hours, diluted with 10% citric acid and 
the product was extracted into EtOAc. The extract was washed with water and brine. The extract was dried 
(Na2S04) and evaporated to give 125 mg of a white solid. This solid was dissolved in 2 mL OMF with 1- 
hydroxybenzotriazole {28 mg. 0.28 mmol). ethanolamine (34 uU 0.56 mmol) and dimethyl-3-{3- 
dimethyiaminopropyljcariDodiimide hydrochloride (54 mg, 028 mmol). After stirring overnight, the mixture 

75 was diluted vwth water and extracted with EtOAc, The extract was washed with 10% citric acid, water and 
brine. After drying (NajSO^), the solvent was evaporated to give a white solid. The solid was stinted with 
EtOAc and a whrte solid weighing 5,4 mg was isolated by filtration. Recrystallization from acetone gave 30 
mg of the Step B product mp 202-204 ' C. 

20 

Step C: Preparation of N-(2-diben2y Iphosphory ioxyethyl)-N'-(l . 1 -dimethy lethoxycarbonyi)-5(S)-amino-4(S)- 
hydroxy-6-phenyl-2(RHphenylmethyl)hexanoyHeucine amide 

The phosphorylating agent fbis(ben2yloxyHN.N<*»isopropylamino)phosphine] used in the following 
25 procedure is described in W. Bannwarth and A. Trzeciak, Helv. Chim. Acta. 70, 175 (1987). 

The compound prepared in Step B (21.7 mg. 0.038 mmol) was dissoived in 0.5 mL DMF and 15 mg 
(0.043 mmol) of bis(benzytoxyHN.N-dtisopropylamino)phosphine was added followed by 3.9 mg (0.056 
mmol) letrazole. After 2 hours, an additional 11 mg of the phosphine and 3 mg of tetrazole were added and 
stirring was continued overnight A quantity of m-Chloro-peroxybenzolc add (30 mg of 65% purity, 0.056 
30 mmol) was added and the mixture was stirred for 1 hour. The mixture was diluted with EtOAc and washed 
sequentially witti 5% NaHSOa. 10% NaHCOa and brine. After drying, the solvent was evaporated and the 
residue was chromatographed on 5 g silica gel (2^% MeOH/CHCb). There was obtained 22.2 mg of Step C 
product 



35 



Found: 



Analysis Caicd, for C32H47N306: 



c « 


67.46; 


H « 


8^1; 


N = 


c = 


6720; 


H = 


a37: 


N = 



7.3a 

7,32. 



40 



Step 0: Preparation of Dilittiium ^H2■phospho^yloxyett^y^)^N'*(1,1^dimethyl^thoxycartK)nyl)*5(S)-amino-4(S)- 
hydroKy-6i3henyi*2(RHphenylmettiyl)hexanoyHeucine amide 

The pjDduct of Step C (19.6 mg, 0,024 mmd) was dissolved in3 mL 95% ettianol and 19 mg 10% Pd/C 
was added. This mixture was stinned 4 hours iffider an atmosphere of hydrogen, Uthium hydroxide (48 L of 
1 N) was added and ttie mixture was filtered tiirough Celite. The Celite pad was washed with etiianol and 
water. The soh/ents were removed on a rotary evaporator arul the residue was redissolved in 2 mL water. 
The cloudy solution was filtered through (Jefite and lyophilized to afford 16.7 mg of the titie compound as a 
fluffy white powder. 'H-NMR (OzO) 5 (Chemical shift data relative to water peak assigned 5.50 ppm.) 729- 
7.05 (10H, m); 3,9 (1H, d); 3.64 (3H. m); 3.42 (1H. m); 3.16 (2H. t); 2.86-2.5 (6H. m); 1.5-1.8 (3H. m); 1.19 
(9H. s); 0.98 (1H. m); 0.7 (6H. m). 



EXAMPLE 26 
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Preparation of N-{2-(2-(2-fnethoxyethoxy)ethoxy)ethyl)-N'-(1 . 1 -dimethyiethoxycart>onyl>-5(S)-amino-4(Sh 
hydroxy-6-phenyi-2(RHp^enylmethyi)hexanoyl valyl amide 



5 Step A: Preparation of 2-[2'(2fnethoxyethoxy)ethoxyHthyl tosylate 

Powdered KOH (10.6 g, 0^0 moi) was suspended in anhydrous diethyl ether (250 mL) and cooled to 
0"C under an argon atmosphere. Triethylene glycol monomethyl ether (23,9 mU 0.15 mol) and p-toluene 
sulfonyl chloride (30.5 g, 0.16 mol) were added sequentially to the suspension. Tlie progress of the reaction 

to was nrranitored by thin layer chromatography. After stirring for 16 hours, additional powdered KOH (2.5 g. 
0.04 moi) and triethylene glycol monomethyl ether (1 .0 mL 0.006 mol) were added to the reaction mixture. 
After another 2 hours no p-toluenesulfonyl chloride was present in the reaction mixture. The reaction 
mixture was filtered of soRds and the filtrate was washed with water, and brine, dried (MgS04), filtered, and 
concentrated in vacuo to give 46.5 g of Step A product as a colorless oil. 'H-NMR (CDQa) 6 2.45 (s, 3H); 

15 3.38 (s. 3H); z753{rirZH)\ 3.60 (m. 6H): 3.68 (t. 2H): 4.16 (t. 2H); 7.32 (d, 2H); 7.80 (d, 2H). 



- Step B: Preparationof 2-[2-(2-methoxyethoxy)ethoxyl-ethyl phthalimide 

20 Potassium phthalimide (40.7 g, 022 mol) and the product of Step A {46.5 g, 0.146 mol) were mixed 
together in anhydrous dimethyl fomnamide (150 mL) and heated at 120* C for 2 hours under an argon 
atmosphere. The reaction mixture was cooled to room temperature, diluted with diethyl ether (600 mL) and 
filtered through Celite. The filtrate was concentrated in vacuo to give an oiL This oil was dissolved in diethyl 
ether (225 mL). and the ether solution washed with water, 0.1 N NaOH, and brine, dried (MgSO*), filtered 

25 and concentrated in vacuo to give another oil. This oil was triturated with water, causir^g some solid to 
crystallize out The"solid was filtered and the filtrate extracted with methylene chloride (2 X 75 mL). The 
combined extracts were dried (MgSOi), filtered, and concentrated in vacuo to give Step B product (24.4 g)- 
as a colorless oil. ^H-NMR (COCb) « 3.33 (s. 3H); 3.48 (m. 2H); 3.60 (m. 4H); 3.66 (m, 2H): 3.75 (t 2H):^.91 
(t, 2H); 7.70 (m. 2H); 734 (m. 2H). 

30 

Step C: Preparation of 2*[2-(2-methoxyethoxy)ethoxyh€thyi amine 

The product of Step B (24.3 g. 0.083 mol) was dissolved in ethanol (100 mL) and hydrazine (26.5 mL, 
35 0.83 mol) was added. The reaction mixture was heated to reflux and a copius white solW precipitated out 
The reaction mixture was cooled to room temperature, diluted with ethanol (500 mL) and filtered. The filtrate 
was concentrated In vacuo to give an oil. This oil was combined with the solid from above, mixed with water 
(250 mL) and the pH adjusted to 2i) by addition of concentrated hydrochloric add. An insoluble solid was 
filtered and the filtrate was made strongly basic by addition of 10 N NaOH. This solution was extracted with 
40 methylene chloride(4 x 100 mL). The methylene chloride extracts were combined, dried (NaOH) and 
concentrated in vacuo to give 12.1 g of oil. This oil was chromatographed on siOca gel eUrted with 5% 
methanol in chToroform. saturated with ammonia to give Step C product (9.57 g) as a coloriess oit 'H-NMR 
(GOCI3) 5 154 (s. 2H); 2.87 (t 2H): 3^8 (s, 3H); 3.52 (t 2H): 3.56 (m. 2H); 3.66 (m, 6H). 

45 

Step D: Preparation of N-(tert-butoxycart>onyl)*L-vaiine sucdnimide ester 

N-(tert-butoxy cart)onyl)-L-vaiine (5.02 g. 0.023 moO. ^^hydroxy sucdnimide (2.88 g. 0.24 mol), and 1- 
(3-dlmethylaminopropyl)-3-ethyl cartx)diimide hydrochloride (4.89 g, 0.025 mol) were dissolved together in 
50 anhydrous dimethylfbrmamide (25 mL). After stirring for 16 hours at room temperature, the reaction mixture 
was concentrated in vacuo to remove soh^t The residue was partitioned between ethyl acetate and 10% 
aqueous citric acidT The organic phase was separated, washed with saturated aqueous NaHCOa, brine, 
dried (WigSO*). filtered aid concentrated in vacuo to give 633 g of a wfiite solid. ^H-NMR (CDOa) « 1.05 
(m, 6H); 1.46 (s. 9H); 2.30 (m. 1H); 2.85 (s. 4H): 4.60 (dd. 1H); 5.02 (d. 1H), 



Step & Preparationof N-{2-(2'(2-melhoxyethoxy|-ethoxy)ethyllvaflne amide hydrochloride 
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The product of Step D {130.5 mg. 0.41 mmol) and the product of Step C (73 mg, 0.45 mmol) were 
dissolved together in dimethoxyethane (1.5 mL) at room temperature under an atnwsphere of argon. After 4 
hours, the reaction mixture was concentrated in vacuo to remove solvent and the residue was chromatog- 
raphed on silica gei using a gradient elution of 0-5% methanol in chloroform. This gave 108.5 mg of a 
5 colorless oil as product. *H-NMR (CSOa) 5 0^0 (d. 3H); 0,95 (d, 3H); 1.45 (s, 9H); 2.10 (m. 1H); 3.40 (s. 
3H); 3.48 (m. 2H); 3.58 (m. 4H); 3.62 (m. 6H); 3.92 (t,1H): 5.15 (d. 1H); 6.40 (br.s. 1H). This oil was 
dissolved in ethyl acetate (5 mL) and cooled to o'C. Hydrogen chloride gas was bubbled into the solution 
vigorously for 20 seconds and then stopped. After another 15 minutes at 0*C. the reaction mixture was 
concentrated in vacuo to give 76.8 mg of a non-crystalline solid as the Step E product. 



Step F: Preparation of N-{2-(2-(2-<Tiethoxyethoxy)-ethoxy)ethyf)-N''(1.1-dimethylethoxycarbonyl)-5(S>-amino- 
4(S)-hydroxy-6-pheny(-2-(R)-(phenylmethyl)hexanoyl valyl amide 

IS 5(SHert-butoxycartK)nylamino-2{R)-ben2yI-4(Shtert-btrtyklimethylsilytoxy-6-phenyhhexa^ add (98 
mg, 0.186 mmol), l-hydroxybenzotriazole (28.9 mg. 0.208 mmol). 1-(3-dimethylaminopropyl)-3-ethyl car- 
bodiimide hydrochloride (40.2 mg. 0.21 mmol) and the product of Step E (69 mg. 0.231 mmol) were 
dissolved together in anhydrous dimethyl formamide (4.5 mL). Triethyl amine (70 ul. 0.502 mmol) was 
added to the solution and the reaction mixture was stirred at room temperature for 16 hours under an 

20 atmosphere of argon. The solvent was removed in vacuo and the oil residue was partitioned between ethyl 
acetate and 10% aqueous citric add. The organic phase was separated and washed with Ixine, dried 
(h/IgSOi), filtered and concentrated in vacuo to give an oil weighing 176.8 mg. This oil chromatographed on 
silica gel eluted with a gradient of 0-3% methanol in methylene chloride to give 135 mg of a colorless oil. 
This oil was dissolved in a 1 molar tetrahydrofuran solution of tetrabutyl ammonium fluoride (3 mL) and 

25 stirred at room temperature for 16 hours. The reaction mixture was concentrated in vacuo and the residue 
partitioned between ethyl acetate and 10% aqueous citric add. The organic phasewas separated, washed 
with saturated aqueous NaHCOa and brine, dried (MgSO*) and concentrated in vacuo to give 108 mg of oil. 
This oil wash chromatographed on silica gel eluted with 10% ethanol in hexahe to give 35 mg of the title 
compound as a white solid. 'H-NMR (CDCI3) £ 0.79 (d, 3H); 0.84 (d, 3H); 1.36 (s, 9H); 1 .73 (m, 2H); 2.00 (m. 

30 1H); 2.66 (dd. 1H); 2.86 (m. 4H); 3.33 (m, 5H); 3.56 (m, 12H); 4.13 (t, 1H); 5.00 (d, 1H); 7.00 (d. 2H): 7.17 
(m, 10H). 



as 



Analysis Calcd. for CaeHssNaOs'l/a CsHcO: 



Found: 



c = 


65.27; 


H = 


8^; 


N = 


c = 


65.19; 


H = 


8.34; 


N = 



6.17. 
6.25. 



40 



EXAMPLE 27 



45 



Preparation of n'-(1 ,1 -dimethylethoxycarbonyl)-4(S)-amino-5-cyclohexyl-3(S)-hydroxypentanoyl-glutamyl- 
phenylalanine amide 



50 



55 



Step A: Preparation of n''(1 . 1 Kftmethylethoxycarbonyl)-4(S)-amino-5'Cydohexy l-3(S)4iydroxypentanoy Kv^ 
Oben2yfglutamyl)-phenylalanine amide 

To a solution of Glu (70CH2C€Hs)-Phe-NH2'Ha (820 mg. mole), Boc ACHPA'OH (590 mg, 

0.0019 mole), and l-hydroxybenzatriazolo (800 mg, 0.0059 mole) in N.N-dimethylformamide (10 mL) cooled 
at -20 *C was added l^ethylmorpholine (1.0 mL O.OOQ mole) followed by 1-ethyI-3-(3- 
dimethylaminopropyl) carbodiimide-hydrochloride (375 mg, 0.0019 mole). After addition of another 0.7 mL 
of N-methylmorphoGne (pH-8), the reaction mixture was stirred under N2 at about -20* C for 2 hours and at 
room temperature ovemight (20 hours). The solution was concentrated in vacuo and the residue taken up in 
ethyl acetate and 10% aqueous dtric add. The ethyl acetate solution was washed with water, aqueous 
NaHCOa. and brine, and dried over NajSO*. Rltration and evaporation gave a pale yellow residue, which 



72 



EP 0 337 714 A2 



was triturated with ether to give the Step A product as a white solide (1.15 g. 90% yield), mp 147-150* C. 



Analysis Calcd. for Czr^zf^^Os Nat Wt. 680.855 





C = 


65.27: 


H = 


7.70; 


N = 


Found: 


fC = 


65.41; 


H = 


7.81; 


N = 



8.23. 
8.34. 



10 



15 



Step B: Preparation of n'-<1 ,1 ^<iimethylethoxycarbonylH<S)'amino-S^cyclohexyl-3(S)-hydroxypentanoyl- 
glutamyf-phenylalanine amide 

A mixture of Boc ACHPA-Glu (7CH2C€Hs) PheNHj (1.1 g. 0.0016 mole) and 10% palladium on 
activated carbon (60 mg) in methanol (25 mL) was stirred under a hydrogen atmosphere for 4 hours and 
then filtered through a pad of Super-eel. The filtrate was concentrated in vacuo and the residue recrystal- 
lized from methanol to give the title product as a colorless crystalline solid (560 mg. 56% yield), mp 
>180'Ceff. 



20 



Analysis Calcd for C3oH*6N408 •CH3OH, 



Found: 



c = 


69.79; 


H = 


8.09; 


N = 


c = 


59.43; 


H = 


8.18; 


N = 



9.00. 
9.06. 



25 



EXAMPLE 28 



30 



Preparation of (st-(3-dimethylaminopropyl)-N -(1 J<limethylethoxycartK)nyl)*5(S)-amino-4(S)-hydrox^^ 
phenyl-2(R)-(phenyimethyl)hexanoyi valyl amide 



35 Step A: Preparation of N*-{1 .l-dimethyiethoxycartx)nyl>-5(S)-amlno-4(S)*(l ' j'-dimethylethyH.I -dimethyl- 
siiyiox7)-^^^e"y^-2(RHpHenylmethyl)hexanoyl-^^ .4 -dimethylamino propyi)valyl amide 

n'^I ,1 -dimethylethoxycartK>nyl)-5(S)-amino4{SH1 ' .1 '-dimethylethyl-l ,l-dimethyteilyloxy)-6-phenyl-2- 
(R)-(phenytmethyl)hexanoyl-vaUne. 0.2 g, was reacted with 0.04 g of 4,4-dimethylaminopropyl amine. 0.075 
40 g 1-ethy»-3-(3-dimethyiaminopropyl) cartDodiimide hydrochloride, and 0.053 g 1 -hydroxybenztriazolo hydrate 
using triethylamine to adjust tho pH to 8.5 as in Step A, Example 2, to give the Step A product after 
purification of preparative thin layer chromatography (10% methanoi/chloroform saturated with ammonia). 

46 Step B: Preparation of H-ji J <iimethylethoxycartx>nyl)-^(S)-amino-4<S)-hydroxy-6-pheny I2(R)- 
(phenylmethylHiexanoyl-N-<4\4r-dimethylaminopropyl)vaiyl amide 

The product from Step A, .18 g, was treated with 2 mL of a 1 M solution of tetrabutylammonium fluoride 
as in Step A, Example 2. to gwe .078 g of the product (mp 176-177 0* C) after purification by preparative 
50 thin layer chromatography (10% methanol/methylene chloride). A sample of this product 0.03 g. and maleic 
acid. 0.006 g, were dissolved in 10 mL of methanol and stirred for 10 minutes, after which time the solvent 
was removed and tho resulting solid recrystalHzed from ethyl acetate/methanol to yield 0.027 g of the 
product as the maleate salt (mp 125-127 o' C). 



55 



EXAMPLE 29 
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Preparation of N'B€nzyl-2(S>-[N-2(SH(1 »1 ■dimethyletho)cycarfaonyOanriino)-2-(4-hydroxyphenyth^ 
hydroxy-2-propyl]-1(R)'Cyclopentane carboxamide ("cis-Tyr-Pro**) 

5 Step A: Preparation of N-6(SH(1 .1 -bimethy lethoxycarbony l)aminoh7'(4^enzy toxyphenylH2)-4-heptenoic 
acid 

To a stirred suspension of 4-cart)0xybutyltriphenyl phosphonium chloride (77.4 g, 201 mmol), (prepared 
as described by D.B. Denney and LC. Smith, X Org. Chem> , 27. 3404 (1962)) in 400 mL dry 

to tetrahydrofuran cooled to 0*C in an ice/water bath and under nitrogen was added dropwise a solution of 
potassium bis(trimethylsilyl)amide in toluene (505 mi, 0.692 M, 349 mmol) such that the temperature of the 
reaction remained below 0.8* C. After addition the reaction was stirred at O' C for 5 hours, cooled to -75* C 
in a dry ice/isopropanol bath, and a solution of N-2(S)-{(1.1-dimethyiethoxycarbonyl)-aminoh3-{4-ben2ylox- 
yphenyOpropionaldehyde (17.7 g, 49.5 mmol) in 200 mL dry tetrahydrofuran was added dropwise such that 

15 temperature remained t>e!ow -73* C. After addition was complete, the reaction mixture was allowed to slowly 
warm to 25* C where it was stirred for 18 hours. Reaction was quenched by the addition of methanol (40 
mL) and concentrated under reduced pressure. The residue was taken up in ethyl acetate (200 mL) and 
10% citric add (200 mL), the organic phase was collected, and the aqueous phase was extracted with ethyl 
acetate (3 x 100 mL). The combined organtcs were washed with saturated NaHCOs (3 x 100 mL) and brine 

20 (1 x 100 mL). dried over anhydrous magnesium sulfate. fiKered and concentrated to give 35 g of a yellow 
oil. The crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 9 x 15 cm 
column; chloroform (97%):methanol (3%)) to yield Step A product (19.0 g, 90% yield). An analytical sample 
was obtained by recrystallization from diethyl etiierhexane. mp 113-115*0; 



25 



30 



elemental analysis, Oalcd. for C^sHaiNOs (425.526): 



Found: 



0 = 


70.56; 


H = 


7.34; 


N = 


c = 


70.45; 


H = 


7.54; 


N = 



3.29. 
3.30. 



35 



40 



45 



Step B: Preparation of N*6(S)^(1.1'Oimethylethoxycartx3nyl)afTiinoh7-(4-tenzyloxypheTiyl)-1*hydroxy*(2>-4- 
heptene 

To a stirred solution of the product of Step A (18.8 g. 44 mmol) in 50 mL dry tetrahydrofuran under 
nitrogen was added triethyfamtne (9.2 mU 66 mmol). The solution was cooled in an ice/nDethanol bath to 
-18*0 and ethyl chlorofonmate (6.3 mU 66 mmol) was added such that the temperature remained below 
-10* O to give a fight yellow suspenstoa After warming ^o -2*0 over 45 minutes, the mixture was filtered 
through a medium sintered glass funnel with cooling of the filtrate in an ice bath. To the filtrate at 0 * O 
under nitrogen was added portionwise sodium borohydride (3.1 g. 82 mmol) followed by dropwise addition 
of methanol. After stirring at 0* 0 for 1 hour following addition, the reaction was quenched by the additionof 
water (50 ml^.and allowed to warm to 25*0. The mixture was poured into 10% citric add (200 mL) and 
extracted with diethyl ettier (3 X 150 mL). The combined organics were washed with 5% NaOH (3 X 100 
mL), water (1 X 100 mL). and brine (1 X 100 mL), dried over anhydrous magnestum sulfate, filtered, and 
concentrated. The crude product was pimfied by low pressure chromatography (silica gel 230-400 mesh; 9 
X 15 cm column; chloroform (98%)3netiianol (2%)) to yield Step B product (14.5 g. 80% yield). An 
analytical sample was otrtained by recrystallization from etiiyl acetatetiexane. mp 94-97* 0; 



50 



elemental analysis Oalcd. for 025H33N04 (411.542): 



Found: 



0 = 


72.96; 


H ~ 


8.80: 


N = 


0 = 


72.89; 


H = 


8.05; 


N = 



3.40. 
3.26. 



55 



Step 0: Preparation of N-6(S)-[1 .1 'Dimettiylethoxycarbonyl)amino|-7-<4-benzyloxyphenyl)-1 - 
methanesulfonyHZ)-4-heptene 
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To a stirred solution of the product of Step B (5.55 g, 13.4 mmol) in 100 mL dry methytene chloride 
cooled to 0*C in an ice/water bath and under nitrogen was added triethylamine (7.7 mU 55 mmol) followed 
by methanesulfonyl chloride (2.1 mU 27 mmol) dropwise such that temperature of the reaction remained 
below 2* C. The reaction was stirred at 0* C for 30 minutes then quenched by the addition of ice water (100 
5 mL). After warming to 25* C, the organic phase was collected and the aqueous phase was extracted with 
methylene chloride (2 X 25 mL).^The combined organics were washed with water (2 X 50 mL). 10% cHric 
acid (2 X 50 mL). saturated NaHCOa (2 X 50 mL). and brine (1 X 50 mL), dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give Step C product (6.55 g, quant yield) as a white solid, mp 73- 
75 'C. 



Step 0: Preparation of N-6(S)-C(1 ,1 *Dimethylethoxycarbonyl)amino}-7-(4-ben2yloxyphenyt)-1 -iodo-(Z)*4'hep- 
tene 

IS To a stirred solution of sodium iodide (19.9 g. 13.3 mmol) in 100 mL acetone under nitrogen was added 
a solution of the product of Step C (6.5 g, 13.3 mtnoi) in 130 mL acetone. The clear yellow solution was 
stirred at 25* C for 1 hour, heated under reflux for 1 hours, and stirred at 25* C for 1 hour. Upon 
concentration under reduced pressure, the resultant residue was taken up in water (50 mL) and extracted 
into ethyl acetate (3 X 50 mL). The combined organics were dried over anhydrous magnesium sulfate, 

20 filtered, and concentrated to give Step D product (6.7 g. 97% yield) as a light yellow solid. An analytical 
sample was obtained by recrystallization from diethyl ether, mp 83-84,5* C; 



elemental analysis Calcd. for C2SH32NO3I (521.44): 



25 



Found: 



c = 


57.58; 


H = 


6.18: 


N = 


2.69. 


c = 


57.61; 


H = 


6.10; 


N ^ 


2.67. 



30 



35 



40 



45 



Step E: Preparation of Ethyl N-8(S)-[(1.1-dimethylethoxycart>onyl)aminol-9-(44)8nzyloxyphenyl)-2- 
ethoxycart)onyKZ)-6-nonenoate 

To a stinred suspensionof sodium hydride (53.5 mmol, from 2.14 g. 60% in oil dispersion; rinsed with 3 
X 30 mL dry hexanes) in 20 mL dry dinrvethytformamtde cooled to 0*C in an tee/water bath and under 
nitrogen was added dropwise cfiethyl malonate (12.1 mU 80 mmol). The mbcture was stinred at 25* C for 30 
minutes, then a solution of the product of Step D (6.57 g, 12.6 mmol) In 35 mL dry dimethyHbrmamide was 
added rapidly via cannula The reaction was heated at 80* C for 40 minutes, cooled to 25''C, and 
concentrated under high vacuum. The resultant residue was partitioned between ethyl acetate (200 mL) and 
10% citric add (100 mL), the organic phase was collected and the aqueous phase was extracted with ethyl 
acetate (3 X 50 mL). The comt^ned organics were washed with water (2 X 100 mL), saturated NaHCOa (2 X 
100 mL). and brine (1 X 100 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give 18 g yellow oil. Oude product was purified by low pressure chromatography (silica gel 230-400 mesh; 
9 X 15 cm column; hexanes (85%):ethyl acetate (15%)) to yield Step E product (6.95 g, ^% yield as an 
oily white solid! An analytical sample was obtained by recrystallization from diethyl ethenhexanes, mp 45- 
46* C; 



so 



elemental analysis Calcd. for C32H43NO7 (553.697): 



Found: 



c = 


69.42; 


H = 


7.83; 


N = 


c = 


69.40; 


H = 


7.77; 


N = 



2.53. 
2.48. 



55 Step R Preparation of Ethyl N-8(S)-{(1 ,1 -dimethylethoxycarbonyl)amtnol-9-(4-benzyloxyphenyl)-2- 
ethoxycarbonyl-6(R).7(R)-epoxy-nonenoate 

To a stirred solution of the product of Step E (6.©) g, 12 mmol) In 100 mL dry methylene chloride 
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cooled in an ice methanol bath to -16*C and under nitrogen was added in one portion 3-chloroperoxyt)en* 
zoic add (97%. QJZ g. 47 mmol). Reaction mixture was slowly allowed to warm to 15* C over 6 hours then 
was concentrated to dryness. The residue was taken up in diethyl ether (400 mL) and washed with diluted 
NaHCOa (2 X 100 mL), diluted NazSOa (2 X 100 mL), diluted NaHCOa (2 X 100 mL), and brine (1 X 100 
5 mL). dried over anhydrous magnesiu^ sulfate, filtered, and concentrated. The crude product (as a mixture 
of isomers (threorerythro = 5:2 by *H-NMR)) was purified by low pressure chromatography (silica gel 230- 
400 mesh; 10 X 16 cm column; hexanes (70%):ethyl acetate (30%)) to yield the product of Step F (4.46 g. 
65%), mp 49-51*0. 

10 

Step G: Preparation of 3(R>-Carboxyethyl'e(S)-[N-1 (S)-((1 ,1 -dimethylethoxycarbonyl)amino)-2-(4-ben2ylox- 
yphenyl)ethyi]-1'Oxa-7(S)-bicyclo-(3.3.01octane-2-one 

To a stirred solution of Step F product N-7(S)»[(1,1-dimethylethoxycarlx)nyl)amino]-8-<4-t>en2ylox- 
75 yphenyI)-1,1-dlcarbonxyethyl-5(R),6(R)-epoxyK)ctane (2.1 g, 3.7 mmol), in 100 mL dry tetrahydrofuran 
cooled to -20* C in an ice/methanol bath and under nitrogen was added dropwise a solution of lithium bis- 
(trimethylsilyl)amide in hexanes (7.4 mL, 1.0M. 7,4 mmol). The reaction was allowed to warm to -5* C over 
5 minutes then was cooled to -10* C and a soiutionof zinc chloride (7.4 mL, 1.0 M. 7.4 mL) was added. The 
clear solution was allowed to warm to 25* C where it was stirred for 64 hours. The reaction was poured into 
20 10% citric acid (150 mL) and the mixture was extracted with diethyl ether (3 X 100 mL). The combined 
organics were washed with saturated NaHCOa (2 X 50 mL) and brine (1 X 50 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give a clear oil. The crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh; 3 X 16 cm column; methylene chloride (95%):ethyl 
acetate (5%)) to yield Step G product (1.4 g, 72% yield) as a clear foam, mp 41-43* C; 

25 



elemental analysis Calcd. for CaoHsrNO? (523.627): 





C = 


68.81; 


H = 


7.12; 


N = 


^67. 


Found: 


C = 


68.77; 


H = 


7.13; 


N = 


2,61. 



Step H: Preparation of 8(S)-[N-1(SH(1.1-0'methyfethoxycafbonyl)amino>-2-(4-benzytoxyphenyl)-ethyl^ 
3(R),7(S)-bicycloC3.3.01octane-2-one 

To a stirred solution of the product of Step G, (47 mg, 0.09 mmol) in IX) mL 1,2-dimethoxyethane under 
nitrogen was added 1.0 mL IN UOH (aq.). The clear solution was stirred for 4 hours then 13 mL 10% dtric 
add was added. The mixture 'was extracted with diethyl ether (3 X 20 mL) and the combined organics were 
washed with water (1 X 20 mL) and brine (1 X 20 mL), dried over anhydrous magnesium sulfate, filtered, 
diluted with 20 mL dry toluene, and concentrated to dryriess. The crude add was dissolved in 10 ml 
xyler^es and heated at 160* C for 10 hours then concentrated under high vacuum. The crude product was 
purified by low pressure chromatography (silica gel 230-400 mesh; 3 X 16 cm column; hexanes (75%):ethyl 
acetate (25%)) to yield the title product of Step H, (20 mg, 49% yield), as a white soBd, mp 134-137* C, 
{C;H;N). 



Step I: Preparation of N-Ben2yh2(SH^^2(S)-((1,1-dimethytethoxycarfaonyl>amino>^4-benzyto 
(S)-hydroxy-1-propylhl(R)-cyctopentane carttoxamide 

To a stirred solution of benzylamir^ (0.05 mL, 0.45 mmol) in 3 mL dry tetrahydrofuran cooled to -78' C 
in a dry ice/isopropand bath was added a solution of n-butyllithium in hexanes (0.20 mL 1.6 M. 0.32 mmol) 
to give a red sdution. After 15 minutes at :70* G a solution of the product of Step H (20 mg. 0.04 mmd) in 
2 mL dry tetrahydrofuran was added. After 90 minutes at -70*0, the reaction was quenched by the 
additionof 10% citric add (10 mL). The mixture was extracted with ethyl acetate (3X15 mL); the combined 
organics were washed with water (1 X 15 mL), saturated NaHCOa (1X15 mL). and brine (1 X 15 mL). dried 
over anhydrous magnesium sulfate, filtered, and corrcentrated. The crude product was purified by bw 
pressure chromatography (silica gel 230-400 nr>esh, 5 X 16 cm column; acetonitrile (10%):methylene 
chloride (90%) to acetonitrile (20%}:methylene chloride (80%)) fdlowed by preparative thin layer 
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chromatography (E. Merck plate, silica gel F254. 0.5 mm; acetonitriie {20%):methylene chloride (80%)) to 
yield the Step I product (18 mg, 73%.yield), (C;H;N). 

Step J: Preparation of N'Ben2yl'2(S)«(N-2(S>-((1 ,1 ^dimethylethoxycart)onyl)amlno)-3^(441ydroxyphenyl)'2(S)- 
hyd^oxy^'propyl)-1 (R)-cyciopentane cartx)xamide 

The product of Step I, 15 mg. was dissolved in 3 mL ethanol and 3 mL tetrahydrofuran and to it was 
added 5% palladium on cartDon, 20 mg. The mixhire was stirred under hydrogen at atmospheric pressure 
for 20 hours, then filtered and concentrated to dryness. The oily residue was dissolved in 2 mL of ethanol 
and 10 mL of water was added. A white solid precipitated which was collected and dried. The yield was 12 
mg of pure product (95% yield), (C;H;N). 

EXAMPLE 30 



Preparation of N-Ben2yl-2(RHN-2(S>-((1 J-dimethylethoxycartX)nyl)amino)-3K4-hydroxyphenyl)-2(S)- 
hydro)(y'l-propylp1(R)-cyclopentane cartK)xamide ("trans-Tyr-Pro") 

Step A: Preparation of 4{Sy[0 J -dimethyl-ethoxycartx>nyl)amino>3(S)'hydroxy-5*<4-benzyloxypheny l)-l -pen- 
tene: 

To a stin-ed solution of 80 mL of commercial 1 M zinc chloride in ether and 200 mL of dry .THF cooled 
to 0* C was added dropwise 120 mL of commercial 1 M vinylmagnesium bromide in THF. The mixture was 
cooled to -30* C and a solution of 10.8 g (30 mmol) of N-2(SH(1.1-<llniethylethoxycart>onyl)aminoh3-(4- 
benzyloxyphenyi)-propionaldehyde in 200 mL of dry THF was added slowly keeping the temperature at -30 
± 5' C, The reaction was allowed to warm to ro<wn temperature and stir for 80 minutes, then quenched by 
addition of 500 mL of 10% citric add and extracted into 1 L of diethyl ether. The ether extracts were dried 
over MgS04. filtered and concentrated to give a white soOd. Crude product was purified by k3w pressure 
chromatography (silica gel; 10%-50% ethyl ac8tate/CH2a2) to yieW the 3(S) alcohol. 6.0 g (56% yield) as a 
white solid which was essentially homogenous by TLC (10% ethyl acetate/hexanes). Further eiution with 
50% ethyl acetate/hexanes afforded 0.77 g (7% yiekJ) of the 3{R) ateohol. 

Step B: Preparation of 4(S)41,lHjimethyiethoxycarfaonyl)aminoh3(S)-acetoxy-5-{4-ben2ytoxyphenyl^ 
tene 

The product of Step A. 6 g. was dissohred In 200 mL of CHzCfe and to it was added 3 mL of acetic 
anhydride. 4.4 mL of triefhylamine and 25 mg of 4-dimethylaminopyTidine. The mixture was allowed to stir 
at room temperature overnight then diluted with 100 mL CH2CI2 and washed with 1 X 20 mL 10% citric 
add 1 X 200 mL H2O. 1 X 200 mL safd Na^COs and dried over SV!gS04. After filtration and removal of 
solvents under reduced pressure, the crude product was purified by low pressure chromatography (silica 
gel; 25% ethyl acetate/hexanes) to yield the pure acetate. 6.65 g (quant), as an oil which was homogenous 
by TLC (25% ethylacetate/hexanes). 

Step C: Preparation of N^6(S)^(1 .1 Klimethylethoxycarbonyl)aminoh7K443enzy loxyphenyl)KEH-heptenoic 
add " 

The product of Step B. 7.43 g, was dissolved in 40 mL of dry THF and added dropwise to a solution of 
62 mL of commercial 0.692 M potassium hexamethytdlsilazide in toluene and 100 mL of dry THF cooled to 
-78* (±5)* C under nitrogen atmosphere. After 10 minutes at -78(i5)*C. a solution of 7.3 g of t-butyl- 
dimetiiylsilyl chloride in 30 mL of dry hoxamethyfphosphoramide was added. The mixture was allowed to 
warni to room temperature and stir for 15 hours, then diluted with 400 mL of ethyl acetate and washed with 
2 X 100 mL 10% Cftrtc add and 2 X 200 mL of H2O. The aqueous layers were extracted with 1 X 100 mL of 
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ethyl acetate and the combined organic extracts were washed 2 X 200 mL of sal'd brine and dried over 
MgSO^, After filtration and removaJ of solvents under reduced pressure the residue was dissolved in 20 mL 
of t M tetra-n-butylammonium fluoride in THF and allowed to stir under nitrogen for 24 hours at room 
temperature. The mixture was diluted with 50 mL of 10% citric acid and extracted with 3 X 100 mL of 
chlorofonn. The combined organic exacts were washed with 1 X 200 mL of water and dried over MgSO* 
then concentrated to dryness. The crude product was purified by low pressure chromatography (silica gel. 
5% methanol/CHCIa) and recrystallization from ethanol/water to yield 6.33 g (85% yield) of pure product; 
mp 121-2*C 



elemental analysis, Caic'd for CzsHaiNOs (425.52): 


Found: 


C = 
C = 


70.57, 
70.38. 


H = 
H = 


7.34. 
7.22. 


N = 
N = 


3.29; 
3.16. 



Step D thru Step G: Preparation of 8(S>-[N'1(S)-((1.l-dimethylethoxycart)onyl)amino)-2'(4-benzytoxyphenyi)* 
ethy{H-oxa-3(S),7(R)-bicyclo[3.3.0]-octane-2-one 

Employing the procedure substantially as described in Example V. Steps C through F. but substituting 
for the N-6(S)-{(1,l-dimethylethoxy carbonyl)aminol-7-(4-ben2yloxyphenyl>-(E)^^eptenoic add the product of 
Step C. 4J g, there was obtained in sequence the following: 



(Step D) 



N-6(S)-[(1,1-dimethyiethoxycarbonyl)amino]-7-(4-benzyloxyphenyl)-1-hydroxy-(E)-heptene as a white 
solid. 4.4 g (quant yield) which was essentially homogeneous by TLC (5% methanol/'CHCls). 



(Step E) 



N-6(S)-{(1 .1 -dimethyletfioxycartDonyl)amino}-7-{4-t>enzyioxyphenyl>-l -methanesulfonyKE)-4-heptene as 
a clear resin, 4J2 g (78% yield) which was essentially homogeneous by TLC (5% methanoi/CHCh. 



(Step F) . 

N-6(S>^(1J-dimethylethoxycarbonyl)amlnoh7^4-ben2yloxyphenyl)-1-iodo-{E)-4-hepten as a cotorless 
resin. 4.3 g (96% yield) which was essentially homogeneous by TLC (2% acetonltrile/CHzCi2). 



(Step G) 

Ethyl N-8(S)-{{1 . 1 KJimethytethoxycart)ony l>-aminoh9-(4-ben2y loxypheny l)-2-^thoxy-cartx)ny l-(E>^ 
enoate as a waxy solid. 4.4 g (98% yield) which was essentially homogeneous by TLC (25% 
acelate/hexanes). 



(Step H) 

Ethyl N-a(S)^(1 J-din^thylethoxycarbonyl)-aminol-9^4^3en2yloxyphenyi)-2-«thox 7(S)- 

epoxynonenoate as an oil which crystallizes in the freezer (melts below 0*C). 3.48 g (77% yield). The 
product was essentially homogeneous by TLC (30% ethyl acetate/hexanes). 

(Step I) 
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3-EthoxycarbonyI-8(SHN-(1 (SH(1 .1 "^^'n^et^^y' ethoxycarbonyl)amino)-2-{4-ben2yloxyphenyl)ethyl>1 -oxa- 
7{S)-bicyclo(3.3.01octane-2-one as a colortess foam, 3.2 g {quantitative yield) which was essentially 
homogeneous by TLC (5% ethyl acelate/CHzCh). 



(Step J) 



8(SHN-|1 (SH(1 .l-^'f^ethylethoxycarbonyl)aniino)-2-(4-ben2yloxyphenyl)ethyl]0-oxa-3{ 7(R)-bicyclo- 
(3.3.0]octane-2-one as a white solid (1.98 g, 72% yield): mp 157-159* C. 



TO 



1$ 



elemental analysis. Calc'd for C27H33N05 (451.567): 



Found: 



c = 


71.71: 


H = 


7.37; 


N = 


c = 


71.82; 


H = 


7.31; 


N = 



3.10. 
3.0. 



Step K: Pfeparation of 3-(1J-dimethylethoxycarfaonyl)-2.2'dimethyM(S)-(4-ben2yloxyphenylmethyl)-5(S)-[2- 
(S>-hyd'roxymethyl'1(R)'CyclopentylloxazoHdine: — 

The product of Step J. 1.0 g (22 mmol) was dissolved in 50 mL of 1 ,2-dimethoxyethane and to it was 
added 5.5 mL (1 1 mmol) of 2 M lithium borohydride in THR The solution was allowed to stir for 8 hours at 
room temperature then quenched by dropwise addition of 10 mL of water, followed by 25 mL of 10% citric 
acid. The mixture was extracted with ethyl acetate (2 X 50 mL) and the organic extracts washed 50 mL 
saturated NaHCOj dried over MgSO* and concentrated to dryness. The oily residue (1.0 g) was dissolved 
in 5 mL of 2,2-<limethoxypropane and 15 mL of acetone and to it was added 16 mg of p-toluenesulfonic 
acid, monohydrate. The mixture was stin-ed under nitrogen atmosphere for 24 hours, then poured into 50 
mL of saturated NaHCOs and extracted with 3 X 100 mL of ethyl acetate. The combined organic extract 
were dried over MgSO* and concentrated to dryness. The residue was purified by low pressure chromatog- 
raphy (silica gel. 3% ethyl acetate/hexanes) to give 1.05 g (95% yield) of a coloriess foam which was 
essentially homogeneous by TLC. 



Step L: Preparation of 3K1,1-dinr>ethylemoxycarbonyl)-2^KiimethyM(SH4'benzyloxyphenyimethyl)-5(S)-[2- 
(R)-formyM (R>-cyciopentyl]oxazoKdine: 

The product of Step K, 1 .05 g was dissolved in SO mL of CHjCb and added dropwise to a stirred 
solution of 0^ mL at anhydrous DMSO and 0.20 mL of oxaiyi chloride at -78* C. After 20 minutes stirring 
at -78* C, dry triethylamine. 0.70 mL was added slowly. After stining for 40 minutes at -78*C, the mixture 
was allowed to warm to room temperature and stir for 30 minutes. The mixture was diluted with 20O mL of 
CH2Cb and washed with 1 X 100 mL 10% citric acid. 1 X 100 mL HaO. 1 X 50 mL saturated NaHCOa and 
dried over MgSO*. After removal of solvents under reduced pressure, the residue, 1.1 g, was dissoh/ed in 
16 mL of absolute methanol and to it was added 0.276 g (2 mmol) powdered anhydrous K2C03. After 2 
hours at room temperature, the reaction was cooled to 0* C and treated with 230 mL (4 mmol) of glacial 
acetic add. After 5 minutes, the mixture was warmed to room temperature 3n6 10 mL 1 M pH 7 phosphate 
buffer was added. After 30 minutes stining, the mixture was concentrated and the aqueous phase extracted 
with 5 X 50 mL of ether. The combined ether extracts were dried over MgSO* and concentrated to dryness. 
The crude product was purified by low pressure chromatography (silica gel. 15% ethyl acetate/hexanes) to 
yield 0.92 g of the product (>10:1 of the 2(R):2(S) aldehydes) as a foam. The product obtained in this 
manner was essentially homogeneous by TLC (15% ethyl acetate/hexanes). 



Step M: Preparation of 2(R)-[f^2(S)-<(1 .1 ■dimethylethoxycarfaonyl)amino)-1 (S)-hydroxy-3-(4-ben2ylox- 
yphenylpl -propyl)- 1 (R><yclopentanecartx)xy lie add 

The product of Step L 0.25 g (0.5 mmol) was dissolved in 3 mL of tert-butanol and 2 mL of 1 .25 M 
aqueous potassium phosphate buffer (pH = 6.8). To it was added 3.0 mL of aqueous 1 M KMnO* solution 
with stirring. After 5 minutes, the reaction was quenched by addition of solid NajSOa (3mL) and the pH 



79 



EP0 337 714 A2 



adjusted to 3 with ice coW 10% citric acid. The mixture was extracted into 5 X 50 mL of ethyl acetate and 
the combined organic extracts dried over MgSO* then concentrated to dryness. The residue was dissolved 
in methanol and 5 mg of p-toluenesulfonic acid was added. After stirring for 30 minutes at room 
temperature, 1 mL of aqueous 1 M sodium acetate was added and the mixture concentrated to dryness. 
5 The residue was dissolved in chloroform (100 mL). filtered and again concentrated to dryness. The product 
formed a solid on drying under vacuum {0.20 g. 87% yield) and was essentially homogeneous by TLC 
(1:3:26, AcOH: MeOH: CHCb), 



10 Step N; Preparation of N-Benzyt-2(R)-(N-2(S)-((1 .1 -dimethylethoxycarbonyl)amino)-3'(4'benzyloxyphenyl)-l' 
($)4iy'droxy-1 -propylpi (R)-cyclopentene carboxamtde 

The product from Step M. 0^ g (0.43 mmol, was dissolved in 5 mL of dry DMF and to it was added 
50 mL (0.45 mmol) of benzylamine, 58 mg (0.43 mmol) of 1 -hydroxybenzotriazole hydrate and 86 mg (0.45 

IS mmol) of dimethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride. Triethylamine was added dropwise 
until the pH was 8.5. After stinring for 15 hours at room temperature, the reaction was concentrated to 
dryness under reduced pressure. The residue was dissolved in 100 mL of chloroform and washed with 1 X 
50 mL of 10% dtric add. 1 X 50 mL HjO, 1 X 50 mL saturated NaHCOa dried over MgSO*. and 
concentrated to dryness. Crude product was purified by low pressure chromatography on silica gel eluting 

20 with 20% acetonitrile in methylene chloride to yield 150 mg of product as a foam which was essentially 
homogeneous by TLC (20% CH3CN/CH2CI2). The product formed a solid predpitate from ethanol/water. 



Step 0: Preparation of N'Ben2yN2(R)«[N'2(S)-((1,1*dimethyiethoxycartx)nyl)amino)'3-(4'hydroxyphenyl)-2' 
25 (S)'hydroxy-1'propylhl(R)^dopentane cartxjxamide 

The product from Step N. 150 mg was dissolved in 25 mL of ethanol and 25% of THF containing 50 
mg of 10% palladium on carbon. The mixture was stirred under hydrogen atmosphere for 24 hours, then 
filtered and concentrated to dryness. The residue was dissolved in 6 mL of etharK>l and 30 mL of water was 
30 added. A white solid precipitated which was collected and dried. The yield was 120 mg of pure product 
(95%): (C.H.N). 



EXAMPLE 31 

35 



Assay for Inhibition of Microbial Expressed Viral Protease 

40 Additional compounds were tested by the assay of Example 9. The results show substantial inhibition of 

HIV protease for many of tha compounds tested. The products of synthesis in Example 10-28 inclusive 

shown ICso values in the range of 0.1 - 10 nM. 

While the foregoing spedfication teaches the prindpies of the present invention, with exan^}les 

provided for the purpose of illustration, tt ^11 be understood that the practice of the invention encompasses 
45 all of the usual variations, adaptations, modifications, deletions, or additions of procedioBs and protocols 

described herein, as come within the scope of the following claims and Hs equivalents. 



Claims 

50 

1 . Compounds of the fonmula: 
A-G-B-B-J I, 
wherein A is; 
1)trityi. 
55 2) hydrogen; 

3) 

O 

R^- C - wherein is 
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a) hydrogen, 

b) Ci ^ alky«, substituted with one or more halogens adjacent to the cartonyl carbon where halogen Is F, 
CI, Br. and I; 

4) phthaloyi wherein the aromatic ring is unsubstituted or substituted with one or more of 
5 a)Ci-iaikyi, 

b) halo. > 

c) hydroxy, 

d) nitro, 

e) Ci-3 alkoxy, 

70 0 Ci-3 alkoxycartxjnyl. 

g) cyano. 

h) 
O 

- C -NR2 wherein R is H or Ci alkyt; 
15 5) 

r3 0 
rZ.C-0-C- 

wherein R^.R^. arKi R* are independently 
a) H. 

25 b) Ct-€ alkyi unsubstituted or substituted with one or more of 

i) halo. 

ii) alkyi SO2-. 
lii) aryl SO2-. 

c) Aryl unsut)stituted or substituted with one or more of 
30 i)Ct-ialkyf. 

0) Ci -3 alkoxy, 

iii) halo. 

iv) nitro, 

V) acetoxy. 
33 vl) dimethylaminocarbonyl. 
vli) phenyl. 

viii) Ci -3 alkoxycarbonyl 

d) fluorenyl, 

>e) FP. and R*.may be independently joined to form a monocyclic, bicyclic, or tricyclic ring system 
^ whteh is Ca-io cyck>alkyl and may be substituted with C1-4 alkyi, or 

f) a &-7 memtDered heterocyde; 



6) 



45 



0 



so wherein R^ artd R^ are 

a) Ci-* alkyt. 

b) aryl. 

c) RS and R* are joined to fonm a 5-7 membered heterocyde; 

7) 



55 



O 
R 

R'-S02NH- C- wherein R^ is aryl unsubstituted or substituted witti one or more of 
a) Ci alkyi. 
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b) halo. 

c) nitro, 

d) Ci-3 alkoxy; 

8) 



m 



w 

wherein m is 0-2 and is 

a) R' as defined above, 

b) trityl; 

IS 9) 
X 

(R')2 P - wherein X is O or S. or NH. and R^ is defined above; 
G is 



20 



K 
I 

N 



Z 

II 



25 



wherein Z is 0, S, or HH and 
R5 is independently 
1) hydrogen; 



30 



2) 



11 



35 



-c 

) Rio 



H o 



II 



.11 



3) -OR, wherein R is H. or Ci-4 alkyl 

4) -NR2. 

^ 5)Ci-< alkyiene-R"; 

wherein n is 0-5 and R^° is independently 

a) hydrogen, 

b) hydroxy, or 

c) Cw-alkyI; 
R^* is 

45 

a) hydrogen, 

b) aryl. unsubstituted or substituted with or^e or more of 

i) hak), 

ii) hydroxy, 

^ fii) -NHa, -NO2, -NHR, or -NRj, wherein R is H, or Ci -4 alkyl, 

iv) C1-4 alkyl. 

v) Ci -3 Alkoxy, 

vi) -COOR 
viO-CNR2, 

55 O 

viii) -CH2NR2. 



82 



EP 0 337 714 A2 



O 

•CHjNHC R, 
X) -CN, 
xi) -CF,. 
xii) 

-NH c a ' 

xiii) aryl Ci -3 alkoxy or aryl Ci -1 aikyl 

xiv) aryl, 

xv) -NRS02a 

10 xvi) -0P(0)(0Rx)2 wherein Rx is H or aryl, or 
xvil) 

o 

-O C -Ci-4aikyl substituted with one or more of amme or quaternary annine; 

c) 5 or 6 membered heterocycle including up to 3 heteroatoms selected from N, O, and S. any of which 
IS heterocycle may be unsubstituted or substituted' with one or more of 

i) halo. 

ii) hydroxy. 

iii) -NHz. -NHR. -NR2; 

iv) C1-4 alkyl. 
20 v) Ct -3 alkoxy. 

vi) -COOR. 

vii) 

O 
D 

- C NRa, 

25 viii) -CHsNRa. 

o 

II 

' -NH c a 

x)-CN. 
30 xi) CF3, 

xil) -NHSOsR. 

)dii) -0P(0)(0Rx)2 wherein Rk is H or aryl, or 
xiv) 

O 

05 -O- C -Ci -lalkyl substituted with one or more of amine or quaternary amine; 

d) Ci -€ alkyl or Ci ^ aikenyl. unsubstituted or substituted with one or more of 
0 hydroxy, 

n) Ci-* alkyl. 

m -NH2, -NHa -NR2, 

40 iv) 

NH 
0 

-NHCH . 
V) 

NH 
U 

45 -NH-C- NH2. 
vi) -COOH. 
vii) 
O 

- coa 

50 viii) -SR. or aryfthio, 

ix) -SO2NHR. 

x) C1-4 alkyl sulfonyiamino or aryl sulfonyl amino, 

xi) -CONHR, 

55 „ 

-NH c a 
xiii) -oa 

xh^) aryl Ci-salkoxy. or. 
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x^/) aryl: 

e) Co -7 cycioalkyi unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) C' -4 alkyl. 

5 iii) -NH2. -NHR. -NHR2, ' 
iv) 

N H 
n 

-NH-CH , 

V) 

to NH 

-NH- C - NHz. 
vi) -COOH. 
vii) 

0 
II 

rs - C -OR, 

viii) -SR, 

ix) -S02NH2. 

X) alkyi sulfonylamino or aryl sulfonylamino, 
xi) -CONHR. or 
20 xii) 

O 
II 

-NH CR: 

0 a 5- to 7-nnembered carbocyclic or 7- to lO-membered bicyclic carbocyclic ring which is either saturated 
or unsaturated, said carbocyclic ring being unsubstituted or substituted with one or more of 
25 i) halo, 

ii) -OR, wherein R is H or d alkyl. 

Mi) 

O 
II 

-coa 

30 iv) 

O 

11 

- 0 NR2. 

V) -CHzNRz. 

vi) -SO2NR2: -S(0)yR and y = 0. 1 or 2; 
35 vii) -NR2. 
viii) 

O 

-NH C R, 
ix) -4 alkyl, 
40 x) phenyl, 
xi) -CF3, or 
xii) 

- N -SO2R; 

45 g) benzofuryl. Indolyl; azabicyclo C7-11 cycioalkyi; or benzopiperidinyl; 

R'2 is -OH or -NHR^3 wherein R'3 is -H, 
O 

u 

- C H. Ci alkyl, or -COOR; and 
® >s 

so 1) 03-7 cycioalkyi either unsubstituted or substituted with one or more of 

a) Ci -4 aikyl. 

b) hydroxy, 

c) -NR2. 

d) -COOR, 
55 0) -CONHR, 

0 -NHS02a 
9) 
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O 

-NH C R. 

h) aryl. 

i) aryl substituted with Ci -«alkyl. 
j) heterocycle. or 

5 k) heterocycle substituted with Ci -*alkyl; 

2) phenyl either unsubstituted or Abstituted with one or more of 

a) hydroxy, 

b) -OR, 

C) -NHR^3. 

10 6) -COOR. 

e) 
o 
n 

- C NR2, or. 

^ O 
75 II 

-NH C R; 

3) 5 to 7-fnembered heterocycle, any of which heterocycle may be unsubstituted or substituted with one or 
more of 

i) halo, 
20 ii) hydroxy, 
tii) NR2, or. 
iv) Ci -i alkyi; 
Q is 

2S H ^ X H 

OH NHR ' w OH 



wherein R^ and R*^ are defined above; 

X is O, S. or NH; and 

Wis 

1) OH, 

2) NHj. 

3) OR. or 

4) NHR; 

B is, Independently, absent or 




1) YR'* wherein: 
Y is 0 or NH. and 
R^* is 

a) H; 

b) Ci -6 alkyl. unsubstituted or substituted with one or more of 

i) -NR2. 

ii) -OR, 

iii) -NHSOjCi-* alkyl. 

iv) -NHSOz aryl. or -NHS02-(dialkylaminoafyl). 
V) -CHaOR. 

vi) -C1-4 alkyl. 
vii) 
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o 

-C OR. 
viii) 

O 

It 

- C NRz. 



70 



IS 



ix) -NH^NR2. -NH^NR2 ^ 

NH N 

0 ^CN 
» 

X) -NHCR, 
xi ) -NSO2CH3 . 

•"oh 



xii) -NH^O^Ph, 



20 

xiii) -NR3® A® wherein A® is a counterion, 

xiv) -NR'SRie wherein R'^ and R'^ are the same or different and are Ci-s alkyi joined together directly to 
form a 5-7 membered heterocycle, 

XV) aryl, 

25 xvi) -CHO. 

xvii) -0P(0)(0Rj2 wherein R^ is H or aryl, or 

xviii) 
O 
I 

-O- C -Ci -4alkyl substituted with one or more of amine or quaternary amine; 
3^ c) -(CH2CH20)nCH3 or -(CHaCHsOnH; 

2) N(R'*)2; or 

3) -NR'SRtc wherein R'^ and R^* are defined above; 



35 



4) 




wherein: 

Y, R^* and n are defined above, and 
R^' is a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 
-^5 J) halo. 

ii) -OR. wherein R is H or Ci -4 alkyI 

iii) 

O 
n 

-coa 

O 
It 

- CNRa, 
V) -CH2NR2, 
vi) -SO2NR2. 
55 vii) -NF^ . 

viii) ^ 
D 

-NH CR, 
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xi) Ci-4 alkyi, 

x) phenyl 

xi) -CFa. 
xii) 

5 R 

- N -SOaa » 
xifl) -Ci-t alkyI -NRz. 

xiv) -OP(OKOR02 wherein R, is H or aryl. or 

10 

-O- C -Ct-4aikyl substituted with one or more of amine or quaternary amine: 

c) Heterocyde as defined below, 
unsubstituted or substituted with one or more of 
i) haio, 

75 ii) -OR. wherein R is H, Ci-4 alkyl. or Ci-4alkenyl. 
Hi) 

iv) 

20 O 

- h NRa, 

V) -CH2NR2, 

vi) -S02NR2. 

vii) -NR2, 
25 viii) 

O 

fl 

-NH C R. 
xi) Ct-* alkyl. 
X) phenyl 
30 xi) -CF3, 

R 

xii) -NS02R» 

xiii) phenyl Ci alkyl, 

xiv) -0P(0)(0Rx)2 wherein R, is H or aryl, or 

xv) ^ 

40 ? 

-O- C -Ci .4 alkyl substituted with one or more of amine or quaternary amine; 

d) A 5 to 7 membered cart>ocycUc or 7-10 membered bicyclk: ring which is either saturated or unsaturated, 
said cartxxi^yctic ring unsubstituted or substituted with one or more of 

i) halo, 

45 ii) -OR, wherein R is H or Ci alkyl. 

HO 
O 

- COR. 

% 

50 a 

- CNRz, 

v)-CH2NR2, 
— vi>-S02NR2. 
vii) -NR2. 
55 viii) ^ 
11 

-NH 0 a 

xi) Ct -4 alkyl. 



87 



EP 0 337 714 A2 



X) phenyl 
xi) -CF3. 
xii) 
R 

5 - N so2a ' 

xin)-0P(0}{0Rx)2 wherein Rx is H or aryl. or 
II 

-0- C -Ci -ialkyj substituted with one or more of amine or quaternary amine: or pharmaceutically accept- 
10 able salts thereof. 

2. The compounds of Claim 1 wherein B is independently present twice and Z is O. 

3. The compounds of Claim 2 wherein J is NHa and Q is 

I f 

-C CH-. 

I 

OH 



20 



25 



4. The compounds of Claim 2 wherein J is NHz and Q is 

n 

-f CH2- 

W 



30 



5. The compounds of Claim 2 wherein J is NH2 and Q is 



35 



H 
I 

OH 



6. The compounds of Claim 1 wherein 6 is present once and Z is 0. 

7. The compounds of Claim 6 wherein Q is 



40 




45 

8. The compounds of Claim 6 wherein Q is 



X 

-P CH- 



50 Ij 



9. The compounds of Claim 6 wherein Q is 

55 
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I 

OH 



10. The compounds of Claim 1 wherein B Is always absent 

11. The compounds of Claim 10 wherein Q is 




12. The compounds of Claim 10 wherein Q is 



-P CH2- 

I 

W 



13. The compounds of Claim 10 wherein Q is - C H - 



14. The compounds of claim 1 wherein G is 




15. The compounds of Claim 14 wherein B is absent or present once. 

16. The compounds of claim 15 wherein J is 



-NH— 4-C-H 

if 



17. The compourxls of daim 16 wherein A is 




18, n'-(1 jKJimethytethoxycartx>riyO-5(S>-amjno-4<SHiydroxy'^^ 
leucyl-phenylalanylamide. or pharmaceuticalty acceptable saits thereof. 

19. N-Benzyl-N'-<1.1-<fimethylethoxy cart)onyf>-5(S>-amino-4(Shhydroxy-6-phenyl-2(RHphenylni^ 
hexanoyl-leucyhamide, or pharmaceuticalty acceptable salts thereof. 
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20. N-benzyl-N'-(1 J <limemytethoxycarbonyl)-5(S)-afTuno-4{S>-hydroxy-6-phenyl-2(R>-(pheny bnem 
hexanotc cart)oxamlde. or pharmaceuticalty acceptable salts thereof. 

21 . n'-{1 J -0<rnethytethoxycartX5nyl)-5(S)-amino-4(S>-hydroxy-6-cyclGhexyl-2(RH^ 
hexarK}yHeucyt-phenytaJanyiamide, or pharmaceutically acceptable salts thereof. 

22. n'-{1 J-Dinr»ethylethoxycarb<fnyl)-5(S)-amino-4<SHiydroxy-6-phenyl-2(RHphenyl^ hexanoyl- 
ieucyt*phenylalantne methyl ester, or pharmaceuticalty acceptable salts thereof. 

23. n'-{1 J -Dlmethyiethoxycarbonyl)-5(S)-amino-4{S>-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl- 
tsoleucylamide. or pharmaceutically acceptable salts thereof. 

24. N-(2-{Methanesulfony lamino)ethy I)-n'-<1 , 1 -dimethylethoxycarbony l)-5(S)-amino-4(S)-hy droxy-6- 
phenyl-2(R)-(phenytmethyl)hexanoyt-(eucylamide. or pharmaceuticany acceptable salts thereof. 

25. N ^1,1-Dtmethylethoxycartx)nyl)-5(S)-amino-4{S>-hydroxy-6-pheriyl-2(Rh(phenylmethyl)hexafioyl 
leucyt*phenylatanylamide. 

N-Benzyl-N* (1,1 -Dimethylethoxy carbony l)-5(S)-amino-4{S)-hydroxy-6-pheny l-2(RHpheny Imethy l)hexanoy I- 
leucyi-amlde. 

5(S)-t(1 .1 -Dimethy lethoxycarbony l)-amirK)h4{S)-hydroxy-6-phenyI-2(RHphenylmethyi)hexanoyl-Leu-ami . 

N'-<1.1-Dirnethylethoxycarbonyl>-5(S>-anriino-4(Shhydroxy-6-cydohexyl-2(RHpheny^ 

phec^yialanylamide, 

5(SH(1 .1 -Oimethylethoxycarbonyl)amirio)-4(SHiydroxy-6-phenyl-2(R)(phenylmethyl)hexanoyl Leii-(4-t-Phe)- 
amide, 

5(SH(Phenylmethyloxycarbonyl)amirK)H(S)-hydroxy-6-phenyl-2(R)(pheriylmethyl)hexanoyl Leu-Phe amide. 
5(SH(1 .1 Kfimethytethoxycarbonyl)amirK)l-4{S)-hydroxy-2(R)-f>4)utyl-6^ Leu-Phe-amide, 
3-{1(S)-Ben2yloxycarbonylamino-2-phenylethyl phosphinyl>-2{S,RHphenylmethyl)propanoyl-L-Leu-Phe- 
amide, 

N-{4^{Benzyloxycarbonyl)amino]butyl]-5(SH(1.1-<iin^ethylelhoxy)carbonylaminoH(Shhydrox^ 
(R)-{phenylmethyl)hexanoyl-Leu-amide. 

n'-{1 J-OimethylethoxycartxDfiyl>-5(S)-amino-4{S)-hydroxy-6-pheriyl-2(R)-(phenylmethyl)-he 
phenylalanine methyl ester. 

5<SK(l.l-OimethylethoxycartwnyI)-aminoH(S)-hydroxy-6-phenyl-2(RH2Hiaphthyimethyl)hexano^ Leucine- 
Phenylalanine amide, 

5(S)^(1.1-D(methylethoxycartwnyl)-aminoH(SHiydroxy-2(R)-{phenylmethyl)nonanoyl-Leucyi4=»hen 
amide, 

5(SH(1 ,1 -Dimethylethoxycart)onylhaminoH(S>-hydroxy-6-pheny l-2(RHphenyImethy^ 
hydroxy-1(SHP^ieny*niethyl)ethyl)-Leu amide, 

S(SH(1 ,1-dimethyletfioxycart)onyl)TafnirK)H(SHiydroxy'^henyK2(RHph8nyln^ amide, 
^H2*KMethanesulfo^ylamino)ethy I>-n'ki .1 -dimethytethoxycart3onyl)^(S>-ami 
(phenylmethy1)hexafK)yMeucylamide. 

5(SH(1 .1 -Dimethylethoxycartxjnyf)-aminoH{S)-hydn)xy-6i)heny l-2(R)-^ amide. 
5(SH(1 .1 -Dimethylethoxycart>onyf)-amino}-4(SHiydroxy-6i>henyh2(RH(4-be^ 
hexanoyl-Leu-Phe amide. 

5{SH{1 .1 -DimBthylethoxycart)onyl)-amtno]-4{S)-hydrDxy-6-ph8nyl-2(RHphenyl^ 
amide. 

5{SH{1 .1 •Oimethyiethoxycartx)nyl)-aminoH<SHiydroxy-6-phenyi-2(RH(44iydroxyphen 
Leu-Phe amide, 

5(SH(1 .1 -Oimethyiethoxycartoonyl>-aminoH<SHiydroxy-6i)henyl-2(RHnriethyl)hexanoyl-L^ 
5(SH{1.1-Oimethy1efhoxycart)onyfhaminoH(SHiydroxy-6-phenyl-2(R)^ 
hydroxy-1(S)-phenytethyOLeu amide, 

5{SH(1 .1 -Dimethyiethoxycartx)nyl>-aminoH{SHiydroxy-6i5henyl-2(RHphenylmethyl)-h 
acetamidoethy1)Leu amide, 

5(SH(1 J -Dimethylethoxycai1x)nyl)-amirioH(S>-hydroxy-6-phenyl-2(RH3 '-ylHeuaner 
phenylafantne-amide, 

5(SH(1 . 1 -Dinfiethylethoxycartoofiyl)-amfnoH<S)-hydroxy-6i5heny l-2(RHphen 
hydroxyethyl)Leu amide. 

5(SH{1.t-Dimethylethaxycart)<myl>-aminoH{S)-hydroxy-6-phenyl-2(R)-(phenyimethyl) 
benzylamide. 

5(SH(1.t-DimettiyiethQxycartx)nyOaminoH(S)-hydroxy-6i3henyl-2(RHpf^ 
amide. 

4(SH(1 .1 -OimethylethoxycartK)nyl)aminoh3(SHiydroxy-6Hnethyiheptanoyl-glutamyf^ amide, 
5(S)-[(1 ,1 -Dimethylethoxycartxjny l>aminoH(SHiydroxy'6-pheny l-2(RHpheny lmethyl)hex^ 
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dimethylammopropyl)-lle-amide. 

5<SH(t .1 -Oimethyiethoxycarbonyl)amino]-4(S)-hydroxy-6-phenyl-2(RH4 -phenyl-phenylmethyl)leucine- 
phenylalanine amide, 

5(S)-[(1 .l-0(methylethoxycarbonyl)aminoH(S)-hydroxy-6i3henyl-2(R)-{phenyl^ vaDne amide. 

5(SK(1.1-Dinriethylethoxycart)onyl)aminoH{S)-hydro)cy-6-phenyl-^^ 

benzyl-ester, ^ 

5(S)-((i J -DimethylethoxycailKiny l)aminoH(Shhydroxy-6i3heny l-2(RH^^ 
N-benzyl amide. 

S(S)-[(l,1-Oimethylethoxycarbonyl)amino]-4{Shhydfoxy-6-(2-naphthyl>-2(RHphenylmethyO 
amide. 

5(SH(1.1-0imethylethoxycarbonyl)aminoH{S)-hydroxy'2(R).6-diphenylhexanoyl-^ 
5(S)-((1.1-Oimethylethoxycarbonyl)aminoH(SHiydroxy-6-phenyl-2{RHphenylmemyO 
dimethytamino ethyl)-lle amide. 

5(S)-[(1 . 1 -Dimethy lethoxycarbony OaminoHCSl^iydroxy-^heny l-2(RHphenylmethy l)hexanoy (-^^^ 
pyridytmethyl)lle amide, 

5(S>-[(1.1-Dimethylethoxycarbonyl)aminoH(S)-hydroxy-6-{2-naphthyl)-2(RHphenyImethyO 
benzylamide, 

5{SH(1.1-Dimethylethoxycarbonyl)aminol-4<S)4iydroxy-6i5henyl-2{R>-(phenyfmethyI)-h 
amide, 

N-(Methyl-5-amino-5Kieoxy-2.3.0-isopropy!idene-j3-D-ribosylhS(S)-(1,lKiimethylet^ 
hydroxy-6-phenyh2(R)(phenylmethyI)-hexanoy! lie amide. 

5(SH(1.^Dimethylethoxycarbonyl)aminoh4(S)-hydroxy-€i5henyh2(RHp*ieny*niem 
neopentylglydne amide. 

NK2(S.R)-HydroxyM(R,S)-indanyl)-5<SH1.lKjimethylethoxycarbonylaminoM(S)-hydro^^ 
phenyimethylhexanamide, 

5(SHl.1-OimethylethoxycarbonylamiTO)-4<S)-hydroxy-6i5henyl-2(RH3'-phenylpropyi)^ 
phenylalanine amide, 

5{SH^ .1 -Oiniethylethoxycarbony iaminoh4(S)-hydroxy-6-phenyl-2(RHphenylmethyl)hexanoyi 
dimethyiamino propyi)-Val amide, 

N-{Methy l-5-amino-5Kleoxy-iS-CWibosy l)-5(SH1 .1 <*iniethylethoxycarbo 
{RHphenylmethyi)hexanoyl-lle amide. 

5{SH(1 J -DimethylethoxycarbonyOaminoH(SHiydroxy-6-phenyl-2(RHphenyImeth 
butylgiycine-benzylamide, 

5{S)-((1 ,1 -Dimethylethoxycarbony l)aminoH(S)-hydroxy-€i>henyl-2(R)^ 
dihydroxy-propylH^o amide, 

5(SH(1 .1 -Dimethy lethoxycarbc^ny l)aminoH(S>-hydroxy-6iDheny l-2(RHP^>eny Ime 

cyctohexylglycine-amide, ^ , , 

5(SH(1.1-0'niethylethoxycarbonyl)aminoH{S)-hydroxy-€-phenyW phenyiprop-2 -en-l yl)hexanoyi-N- 

(3-dimethyl amino propyl) valine amide, ^ , , 

N'-{l,1-Dimethylethoxycart)Onyl)-5(S)-amino-4{S)-hydroxy-^pheny!-2(R^ -phenylprop-2 -en-1 -yl)- 

hexanoyl-(S>-phenylglycyH2-hydnDxyethyl)amide, 

5(SH1 ,1 -DimethylethoxycarbonylaminoH(SHiydroxy-6-phenyl-2(R)-(phe^ 
(phenylmethyl)-valin8 amide, 

NHcis-2(S,R)Hydroxy1(R,SHndanyl)-5(SHt ,1 -dimethytethoxycart)onylaminoH{SHiydroxy-6-(4- 

ben2yloxyphenylmethyl)-2(RHphenylmethyi)hexanamide, 

5<SH1 ,1 -Oimethy»emoxycart)onylaminoH<SHiydroxy-^henyl-2(R)-^ 

(imida20M-yl)-1 -{hydroxymethyl)-propyl]-lle-amide, 

4(SH(1 .1 -Oimethylethoxycarbonyl)aminoh3(S)-hydroxy-5<yclohexylpent^ 

amide. 

5(SH(1J-Oinr>ethylethoxycafbonyl)aminoH<S)-hydroxy-6i^ -yl)-hexanoyl - 

(S>-phenylgiycine amide, 

5(SH(1.1-0(methylethoxycarbonyl)aminoH{S)-hydfoxy-6i>henyi-2(R 
amide, 

5(SH1 J -Dimethyiethoxycarbonylamino}^Shhydroxy-6-pheny h2(RHphenyt^^ 
amide, 

rH2(S or R)-hydroKy-1,2.3.4-tetrahydro-1(R or S)-naphthyl)-5(SK1.1-<J«methylethoxycartx)nylaminoH<S)- 
hydroxy-6iDhenyl-2(R)-phenylmethyl hexanamide, 

N-{2(R or SHiydroxy-1A3.4-tetrahydro-1(S or RHaphthyl>-5(SHtl-<i<"^ethylethoxycarbonylaminoH<S)- 
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hydroxy-6-phenyl-2(R)-phenylmethy1 hexanamide, 

N-{ds-2(S,R)-HydroxyM {R.SHndanyI)-5(SHl J -dimethylethoxycar^ 

hydroxyphenyl>-2(R)-phenyImethyIhexanamide. 

5(S)-(1 , 1 -Dimethy lethoxycart)onyl)am jpo-4{S)-hy droxy-^henyl-2( 

dihydroxypropyl)-Vai-amide, 

N-(cis-2(R)-Hydroxy-1 (SHndanyl>-5(SHl J •dimethylethOKycarbonylaminoH(S)-hydroxy-6-phenyl-2{R)- 
phenylmethyl-hexanamide, 

5(S)-(1 ,1 -DimethylethoxycartonylaminoH<S)-hydroxy-3(S or R>-hydroxy-6-phenyl-2(R)-phenylmethyl- 
hexanoyl-Leu-Phe-amide, 

5(S)-(1 .1 -Dimethylethoxycartx)nylaminoH<S)4iydroxy-^henyl-2(RH3'-phenylp^ '-yf)-hexanoyl-N- 
(2(R,S).3-dihydroxypropyl)-phenylglycine amide, 

5(Sh[(1JMDimethylethoxycarbonyl)aminoH<Shhydroxy-^phenyl-2{R)-{phenylme^ 
benzimidazolyl methyl)lle amide 

5(Sh(1 J-0imethyietfioxycarbonylaminoh4{S)-hydroxy-6-phenyl-2(R)-{phenylmethy 
He amide. 

N^Methyl-5-amino-5<ieoxy-^-D-ribosyi)-5(SH1 .1 -di'^Qthylethoxycarbonyl^ 
(R)-phenylmethylhexanoyl-VaJ amide. 

N-(Methyl-5-amlno-5-deoxy-2,3.0-isopropndene-^-D-ribosyl)-5(SHl»l'<^'"iethylet^^ 
hydroxy-6-phenyl-2{R)-(phenylmethyl)hexanoyl-Vai amide, 

5(S)-(1,l-0imethylethoxycafbonylaminoH(SKiydroxy-6-phenyl-2{R)(phenyimethyl)h 
melhoxyethoxy)ethylpsoleucine amide. ' 

5(SHl.1-DimethyiethoxycarbonylaminoH(SHiydroxy-6i3henyl-2(R)-<3Vhenylpropyl)hexar» 
dihydroxypropylVphenylglycine amide. 

(4(SH1 J -Oimethy lethoxycartx)nylamino)-3(S)-hydroxy-5-phenylpentanoy IhS^ 
amide, 

5(SH(1 .1 -Dimethylethoxycait«ny l)aminoH<S)-hydroxy-6-pheny l-2(RHph^ 
imidazoiyOethyl]valine amide. 

N-<cis-2(R>-Hydrojcy-1 (SHndany l)-5-(SH1 .1 KlimethylethoxycarbonylaminoH{S)-hydroxy-6-phenyl-2(RH3'- 
phenylprDp-2 -en-l'-yl)hexanamide, 

N-(l(R or S), 2(S or R)-Dihydroxy-3(S or RHndanyt)-5(SH1.1-clirnethylethoxycartx3nylaminoH(S)-hydrDxy- 
6-phertyl-2(RHphenylmethyl)hexanamide. 

N-{2(R)-Hydroxy-l (SHndanyl}-5(SH(1 .1 -dimethylothoxycart)onyOaminoH{SHiydroxy-6-{4-hydroxypheny1>- 
2(R)-(phenylmethyl) hexanamide. 

5(SH(1 .1 -Dime%tethoxycart>onyl)aminoH<S)-hydroxy'^pheny k2(RH 
valine amide. 

N-(cis-2(R)-Hydroxy-1 (SH^dany 1>-5(SH(1 ,1 <Iimethylethoxycarbonyl)amino)-4(S)-hydroxy-6-phenyl-2(RH(4- 
iodophenyOmethyl}hexanamtde, 

5(SH(1.1-Dim€thytethoxycaftoonyl)aminoH(SHiydroxy'^henyl-2(R)-^^ 
ptperidinyl)ethyl)vafine amide. 

5(SH(1 ^ -Oimethy t8thoxy(:artxsnyi)aminoJ-4<SHiydroxy-6-phenyl-2(R)^^ 
hydroxyethyl)vanne amide, 

5(SH(1 .1 -Dimethylethoxycarbonyi)aminoh2(RH5henylmethyl-4<SHiydroxy-6-phen^ 
methoxyethoxy)-ethoxy]dthyi>'soleudne amide, 

5(SM1.1-Dimethylethoxycarbonyiamino)-2(RH>h8nylmethyl-4{SHiydr^ 
dimethylaminonaphthylsuIfGnamido)8thyf^leudne amide, 
5(SH1 .1 •OimethylethoxycarbonylaminoH<SHiyclroxy-^heriyl-2(RHph^ 
diethylamtno*2(R,S)-hydroxypn3pyl)vafine amide. 

N-(1/R or S), 2(S or R>-dthydroxy-3-{S or RHndanyl)-5(SH1.1-<iimethylethoxycartonylamino)-4<S)-hydraxy 
6-(4-hydnixyphenyl)-2(RHphenylmethyl)hexanamld6, 

N-(as-2(R)-Hydroxy-1 (SHndanyl>-5(SH1 .1-dimethylethoxycarbonyiaminoH(S>-hydroxy-6-{3- 
dimethyiaminomethyM-hydroxyphenyl)-2(RHphenylmethyl)hexanamide, 

5(SH(1 .1 -Oimethylethoxycartonyl)aminoH{SHiydroxy-^henyh2(RHphenyf methylHi^^ 
benzimfdazoylmeitiyl)vaGne amide, 

5(SH(1 .1-OimethyiethoxycartK)nyl)aminoH{SHiydroxy-6-phenyt-2(RHphenylmethyl^ H- 
imida2oM-yl))-1-hydroxymethylethyl]vaIrne amide, 

N-<cis-2{R>-Hydroxy-1 {SHndanyi>-5(SH(1 .1 HJimethylemoxycart)onyl)aminoH<SHTydroxy-6-{2-nap hthyl)-2- 
(RHphenylmethyl)hexanamide, 

5(SH(1 .1 -OimethylethoxycartxDny))aminoH<S>-hydroxy-6i)heny h2(RHphenylmethyf)^ 
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dimethylaminobenzyl)valin0 amide, 

5(S).[{1,1-Dimethyiethoxycarbonyi)aminoH(S)-hydro)cy-6-phenyl-2(R)-(phenyl^ 

ben2imida2oiylmethyi)phenylglycineamid0, , .u i n /o/d\ 

3[1 -{1 R)-(1 .1 -OimethyletlTOxycarbonylamino)-2-(phenylethyl)phosphinyl>2(S or RhDhenylmethyl-N-(2(R)- 

hydroxy-1 -indany Opropanamide, 

5(SH(1.1-Dimethylethoxycarbonyi)aminoH(S)-hydroxy-6-phenyl-2(R)-(ph8nylmethyl)h 
benzimidazolyl)vafin0 amide. 

N-{2(R)-hydroxy-1(SHndanyl)-5(SH{4-pyridinylmethoxycartonyl)amifK)l-4^ 
(phenylmethyl)hexanamide, 

NK2(RhhydroxyM(SHndanyl)-N'-((1-methylethoxycarbonyl)aminoh4<S)-hydroxy-6-phen^ 

(phenylmethyl)hexanamide, , , 

5(SH1 .1-Dimethyl6thoxycarbonylamino)-4(S>-hydroxy-6-phenyl-2(RH4 -iodoph8nylmethyl)hexanoyI-N-3 - 

dimethylaminopropyl)-valine amide, 

N^b8nzyl>-5(Sh{1,l<JimethylethoxycarbonylaminoH(Shhydroxy-e-phenyl-2(Rh 
valine thiomide, 

N-<1 (R).2{S)-dihydroxy-3<SHndanyl>-N'-{l J -dimethylethoxycart)onylamino)-4(S)-hydroxy-6-phenyl-2(R)- 
(3'phenylprop-2 en-yl)hexanamrde, 

NK4{S)-ben2opyrany l>5(SH1 . 1 KJimethy lethoxycarbony laminoH<S)-hydroxy-6-ph€ny!-2(R>-(phenylmethyl)- 
hexanamide, 

N-[4<R,S)-b8azopyranyll-5(SH1 ,1 -dimethy lethoxycarbonylaminoH{S)-hydroxy-6-phenyi-2(R)- 
(phenylmethyl)hexanoyl-vaiine amide. 

N^allyi-5-amino-5<lTOxy.2.3-0-isopropylidene-/94Mbosylh5(SH1.1-dim 
hydroxy-6-phenyl-2(R)-(phenylmethyi)hexanoyl-vaIine amide; 
5(SH(1.1-<iimethylethoxycarbonyl)aminoH{S)-hydroxy-6i5h^ 

methylaminoelhyl)-valine amide. 

NKcis-1-hydroxycyclopent-2-en-3-yl)-5(SH1.1-<limethylethox6y(^ 
(phenylmethyl)hexanamide, 

5(SH(1.1-difnethylethoxycarbonyi)aminoH{S)-hydroxy-6-pheny 

5-isoxazoloyl-metiiyl)varine amide, , xu ix 

NKds-2{R)-hydroxy-1(S)-indanylh5(S)-benzyloxycarb^ -4{S)-hydroxy-6-phenyl-2(R)-(phenylmethyl). 

hexanamide. - 
N-{2-hydroxyethyr)-5(SH1 .1 ^imethylethoxycarbOTy lamino)-4{SHiydroxy-2(RHphenylme^^ 

isoleucyi-amide. , ^ ^ n 

5<SH1.1-dimethyl0thoxycafbonylaminoH<SHiydroxy-6-phenyl-2(Rh^^ 

phenyl glycine amide, ^ e 

N-(cis-2(R or S>-aminocarbonyl-1(S or RHndanyl)-5(SH1.1-dinwthylethoxycail3onylaminoH^^ 

pbenyl-2(RHphenyhTietliyl)hoxanamlde, 

SVH2(R)-hydroxy.1 (SHndanyl)-5(SH(1 ,lKlimethylethoxycarbonyl)amino}^S)-hydroxy-€K4-hydroxypheny^^^ 
(RH4-hydroxyphenyimethyl)hexanamlde, 

^a-(cis.2(R or SKarboxy-1(S or RHndanyl>-5(SH1.1-<'i™t^TytethoxycarbonylamtrK)H<S^^^ 
2(RHphenytmethyl)hexanamide, 

^^(cis-2(RHlydroxy-1(SHndanyO-5^1,1-dimethyiethoxycarbo^ylOT 
nrtrophenylmethyl)hexanamide. 

5(SH1.1-<fimWtethoxycarbonylaminoH{SHiydroxy-6i^ 
hydroxyethyl)-phenylglycine amide, 

ivKcis-2(RHiydroxy-1(SHndanyIh5(SH1.1-<iimethylethoxycarbOT^ 

aminophenylmethylHiexanamide, , 
n'-<1 .l^imethylethoxycarbonyI)-5(S)-ammo-4<S>-hydroxy-^^ " 

morphoUno)propyl)]-valine amide. 

N-[5-amino-5-deoxy-D-ribosyl]-5(SH1 .1 -dimethytemoxycarbonylaminoH{S)-hydroxy-6-phenyl-2(R>- 
phenylnfwthyl-hexanoyi-valine amide, 

^K5-amino-5^eoxy-2^,CMsopropyHdene-0^^bosyl)-5<SH1 .1 <fi">ethy^ 
ptenyl-2(RHP*ienylmethyl)hexanoy^valine amide. 
5(SH(1.1-<limethylethoxycarbonyl)amino}^S)-hydroxy-6i5henyl-^ 

pyridyimethyl)valine amide, 

5(SH(1 .1 Kfimethylethoxycafbonyl)aminoH(SHiydroxy-6i3heny l-2(RHpHenyl^^ 
pyridylmettiyt)vaiine amide, 

5(SH(1.1-dimethyiethoxycarbonyl)aminoH<RH)ea2yM{S)-hydroxy-^ 
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melhoxyethoxy)ethoxy]ethyI)valine amide. 

5(SH<1 *1 ■<iimethylethoxycarbonyl)aminoh2(S)-hydroxy-6-phenyl-2(RHph 
pyridylmethyl)valine amide, 

N4ds-3{S>-hydroxy-4{S)-benzopyranyl)5(S)-(1,l-dimethylethoxycarbonylamino)^ 
phenylmethyhhexanamide. ^ 

N-(1 R^S-dihydroxy-3S-indanyl)-5(SH1 ,1 -dimethylethoxycarbony lamino)-4(S)-hydroxy-6-(4'-hydroxyphenyl)- 
2(RH4 -hydroxyphenyOmethylhexanamide, 
N-{cis-2(RHiydro)cy-1 (S)-indanyl)-5(SH1 .1-dimemyletfK>xycaj^ 
(phenylthiomethyl)hoxanamide, 

Oilithium N-<2-phosphoryloxyethy(>-5(SH1 .1 -dimethylethoxycarbonylamino)-4<S>-hydroxy-2(R)- 

(phenylmethyt)hexanoyl-isoteucyiamide. 

N-(Methy l-5-aminch5-deoxy-{a;9)-0-xylosyl)-5(SH1 .1 -dimethylethoxyc^^ 
2(RHphenylmethyi)hexanoyl-Ile amide, 
S(SH{4i)yrkJylmethoxycarbonyl)aminoH{S)4iydroxy-^^ 
benzimidazoiylmethyO-lle amide, 

N-<cis-2(R)-hydroxy-1 (SHndanyl)-5(SH1 .1 -dimethylethoxycarbonylaminoH{S)-hydroxy•^hertyl-2(RH4- 
(1 ,1 -dimethylethyl)phenylmethyl)hexanamide. 
or phamiaceuticaliy acceptable salt tfiereof. 

26. The compounds of Claims 1-25 in combination with any of the antivirals, immunomodulators. 
antibiotics or vaccines of Table IV, 

27. A pharmaceuticai composition comprising the compounds of Claims 1-25 and a pharmaceutically 
acceptable carrier. 

28. A phamiaceutical composition comprising the compound In combination according to Claim 26 and 
a phamnaceuticaily acceptable carrier. 

29. The pharmaceutical composition of Claim 27. for use in the treatment of AIDS, in the prevention of 
infection by HIV, in theireatment of infection by HIV. or in the inhibition of HIV protease. 

30. The pharmaceutical composition of Claim 28 for use in the treatment of AIDS, in the prevention of 
infection by HIV, in the treatment of infection by HIV. or in the inhibition of HIV protease, 

31. The use of a compound of any one of claims 1 - 25 for tfie manufacture of a medicament useful for 
treating AIDS. 

32. The use of a compound in the combination according to claim 26. for the manufacture of a 
medicament useful for treating AIDS. 

33. The use of a compound of any one of claims 1 - 25 for the manufacture of a medicament useful for 
preventing infection by HIV. 

34. The use of a compound in combination according to Claim 26, for the manufacture of a mecficament 
useful for preventing infection by HIV. 

36. The use of a compound as daimed in any one of Claims 1 - 25, for the manufacture of a 
medicament useful for treating infection by HIV. 

36. The use of a compound In combination according to Claim 26, for the manufacture of a medicamerrt 
useful for treating infection by HIV, 

37. The use of a compound as claimed in any one of Claims 1 - 25. for the manufacture of a 
medicament useful for inhibiting HIV protease. 

38. The use of a compound in combination according to Claim 26. for the manufacture of a medicament 
useful for inhit^ng HIV protease. 
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